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DETACHABLE  SUMMARY 


MCMITE  CARLO  POPULATKM  DEFENSE  MODEL:  INITIAL  RESULTS 
Walmer  E.  Strope,  John  F.  Devaney,  and  Frederic  Mlercort 
Contract  No.  DCPA01-77-C-0223  Work  Unit  4114H 


Purpose 

In  August  1977,  Secretary  of  Defense  Harold  Brovm  requested  of  his 
staff  an  analysis  of  civil  defense  options  that  could  confidently  save  at 
least  one-half  to  two-thirds  of  the  population,  provided  an  attack  were 
preceded  by  a  one-to  two-week  crisis  buildup  or  "surge"  period.  At  the 
time,  there  was  no  assessment  methodology  available  that  could  address  the 
Secretary's  request  In  the  sense  of  establishing  confidence  limits  on  the 
predicted  performance  of  civil  defense  under  nuclear  attack.  The  purpose 
of  this  report  Is  to  document  a  methodology  that  allows  the  introduction  of 
ranges  of  uncertainty  Into  the  assessment  of  casualties  resulting  from 
hypothetical  nuclear  attacks  and  to  exhibit  the  Initial  results  of  Its 
application  to  two  civil  defense  options. 

Assured  Survivors 

The  initial  results  as  applied  to  the  criterion  of  the  Secretary  of 
Defense  are  shown  In  Figure  S-1.  The  survival  criterion  Is  shown  as  a 
shaded  band  between  SO  percent  and  67  percent  survivors.  The  two  sets  of 
bars  at  the  right  of  the  chart  refer  to  Program  D  Prime,  the  program  approved 
by  the  Secretary  of  Defense  after  the  study  referred  to  above.  The  sets  of 
bars  at  the  left  refer  to  a  lower-cost  civil  defense  option  in  which  only 
the  basic  planning  for  the  relocation  of  the  urbanized  population  during  a 
crisis  Is  undertaken  in  addition  to  toalntalnlng  the  current  civil  defense 
capability  In  other  respects. 

Both  civil  defense  options  feature  crisis  relocation  as  the  primary  means 
of  improving  population  survival.  The  essential  difference  between  the  two 
options  is  that  Program  D  Prime,  in  addition  to  basic  relocation  planning,  is 


FIGURE  S-1  ASSURED  SURVIVORS  AT 
95  PERCENT  CONFIDENCE  LEVEL 


^Confidence  that  at  least  half  to  two-thirds  of  popula 
tlon  would  survive  a  large-scale  nuclear  attack. 
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designed  to  produce  a  high-confldence  relocation  capability  and  to  provide 
the  shelter  protection,  operational  capabilities,  and  survlvable  direction 
and  control  needed  to  exploit  fully  the  relocation  potential.  Program  D 
Prime  also  provides  some  Improvement  to  the  In-place  posture  In  the  form 
of  a  survey  of  best  blast  protection  In  cities,  operational  plans  and 
exercises,  and  trained  shelter  personnel.  Thus,  In  Figure  S-1,  one  set  of 
bars  for  each  option  assumes  that  relocation  occurs  following  a  Presidential 
directive  and  the  other  assumes  an  In-place  posture  In  which  only  spontaneous 
evacuation  during  a  crisis  Is  accounted  for. 

Two  hypothetical  attacks  were  used  to  assess  the  performance  of  the 
options.  Both  are  large-scale  attacks  aimed  at  military  and  urban- Industrial 
targets  In  the  continental  United  States.  Both  employ  surface  bursts  and 
average  October  winds  for  determination  of  fallout  levels.  Attack  A  Is  based 
on  the  Soviet  threat  that  was  used  to  generate  the  Risk  areas  currently  used 
for  crisis  relocation  planning.  It  places  about  55  percent  of  the  resident 
population  In  the  direct-effects  region  of  detonations.  Attack  B  is 
substantially  larger  than  Attack  A  and  Is  based  on  a  highly-MIRVed  Soviet 
threat.  it  places  about  65  percent  of  the  resident  population  In  the 
direct-effects  region  of  detonations. 

The  height  of  the  bars  In  Figure  S-1  represents  the  lower  bound  of  the 
9S-percent  confidence  limits  estimated  by  means  of  the  new  assessment 
procedure.  There  is  one  chance  in  20  that  any  particular  outcome  will  lie 
outside  these  limits,  distributed  equally  above  and  below.  Hence,  there  Is 
only  one  chance  In  40  that  an  outcome  would  be  lower  than  the  lower  limit 
used  here  to  define  "assured  survivors".  It  can  be  seen  that  the  Paper  Plans 
Only  option  Intersects  the  criterion  band  only  for  Attack  A  and  only  if  a 
timely  Presidential  relocation  order  occurs.  On  the  other  hand.  Program  D 
Prime  satisfies  the  criterion  of  the  Secretary  of  Defense  for  both  attacks 
and  In  both  In-place  and  relocated  modes. 


Basts  for  the  Estimates 

Most  of  Che  factors  affecting  population  survival  are  subject  Co 
uncertainty.  For  these  Initial  results,  expert  panels  provided  estimates 
of  ranges  of  uncertainty  that  were  used  to  define  probability  distributions. 

Based  on  these  distributions,  the  Monte  Carlo  Population  Defense  Model 
(MCPOPDEF)  selected  a  value  at  random  for  each  variable  subject  to  uncertainty. 
These  values  were  Chen  used  In  the  Population  Defense  Model  (to  be  described 
below)  to  assess  fatalities  and  injuries.  After  100  such  estimates  were 
obtained,  means  and  standard  deviations  of  Che  sample  were  calculated.  These 
results  permit  confidence  limits  to  be  established. 

The  Population  Defense  Model  (POPDEF)  used  to  assess  fatalities  and 
Injuries  In  each  cycle  of  Che  Monte  Carlo  routine  is  Itself  a  significant 
advance  In  the  arc  of  casualty  assessment.  It  is  based  on  a  "defense  scenario" 
that  traces  the  changes  in  the  vulnerability  of  population  groups  from  early 
In  Che  crisis  period  until  several  weeks  after  attack.  The  model  operates  on 
three  basic  population  groups:  (1)  those  In  Risk  areas,  currently  those  defined 
for  crisis  relocation  planning,  (2)  those  In  Neither  areas,  where  it  is  planned 
neither  to  relocate  Che  population  nor  to  host  people  from  Risk  areas,  and  (3) 
Host  areas  In  which  relocatees  would  be  housed  and  sheltered.  The  fraction  of 
Che  Risk  population  relocated  Co  Host  areas,  either  by  spontaneous  evacuation 
or  by  relocation  under  Presidential  order,  is  a  key  factor  in  the  calculation. 
Given  Che  fraction  relocated,  the  kinds  of  shelter  to  which  the  population 
is  assigned  in  shelter  allocation  plans  are  specified,  together  with  the 
protective  characteristics  of  each  shelter  class.  Each  shelter  group  Is 
analyzed  separately  thereafter. 

Upon  warning  of  attack,  the  dynamics  of  warning  and  movement  to  shelter  are 
used  to  establish  what  fraction  of  those  assigned  are  in  shelter,  what  fraction 
are  caught  In  the  open  by  detonations,  and  what  fraction  remain  In  residences 
because  they  have  not  yet  left  or  refuse  to  go  to  shelter.  Upon  entering 
shelter,  some  fraction  are  placed  in  the  best  protective  posture  by  shelter 
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managers  or  emergent  leaders.  As  detonations  occur,  the  model  determines , on 
the  basis  of  the  protective  characteristics  of  the  locations  of  the  population 
groups, the  uninjured  and  Injured  survivors  and  the  extent  to  which  the 
survivors  are  trapped  In  debris.  Trapped  survivors  must  be  rescued  If  they 
are  to  continue  to  survive.  Ensuing  fires  in  damaged  areas  can  force  those 
not  trapped  to  abandon  their  fallout  protection  and  can  cause  fatalities 
among  those  trying  to  leave.  Lack  of  drinking  water  or  Inadequate  ventilation 
can  force  some  fraction  of  those  still  sheltered  to  leave  during  the  first 
week  after  attack.  Where  this  premature  shelter  leaving  does  not  take  place, 
sheltered  groups  must  eventually  emerge. 

The  effective  protection  against  fallout  radiation  afforded  each  group  Is 
affected  by  the  protection  available  while  In  shelter,  the  time  of  shelter 
leaving,  and  the  remedial  radiological  measures  (movement  to  a  safer  area, 
decontamination,  etc.)  that  may  be  undertaken  on  behalf  of  some  fraction. 

These  factors  are  used  to  calculate  radiation  fatalities  and  Injuries. 

There  are  some  30  factors  in  the  Population  Defense  Model  for  which 
estimates  of  the  ranges  of  uncertainty  and  probability  distributions  are 
needed  for  use  in  the  Monte  Carlo  calculations.  Some  of  these  factors  are 
"technical"  factors  having  to  do  with  the  protective  characteristics  of  the 
shelter  classes,  the  growth  and  spread  of  fires,  and  the  like.  These  were 
estimated  by  experts  in  these  technical  matters.  Many  other  factors  are 
operational  or  behavioral  in  character  and  are  sensitive  to  judgments  as  to 
the  effectiveness  of  training,  planning,  and  public  Information  activities 
specified  for  a  civil  defense  program  option.  To  aid  In  making  these  estimates, 
a  Program  Analysis  Model  was  devised  and  used  by  expert  panels  of  DCPA  staff 
members  and  consultants. 

The  Program  Analysis  Model  (PAM)  Identifies  relationships  among  the 
elements  of  civil  defense  and  describes  paths  through  these  relationships 
along  which  quantitative  descriptions  of  elements  of  the  preparedness  program 
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can  be  translated  Into  estimates  of  the  POPDEF  casualty  assessment  factors. 
Thus,  panels  made  low,  best,  and  high  estimates  of  the  fraction  of  the 
population  who  would  have  trained  shelter  managers,  the  managers'  effectiveness 
In  achieving  the  goals  for  which  they  had  been  trained,  and  the  importance  and 
availability  of  support  In  the  form  of  radiation  measurements  or  guidance 
communicated  from  Direction  and  Control.  Tens  of  thousands  of  Individual 
estimates  were  made,  from  which  the  model  generated  by  means  of  a  systems  logic 
algebra  the  required  range  of  uncertainty  In  the  POPDEF  inputs.  The  Program 
Analysis  Model  Is  so  comprehensive  chat  It  Is  not  possible  for  chose  making 
Che  Individual  estimates  to  judge  how  these  would  affect  Che  resulting  un¬ 
certainties  In  casualty  estimation.  And  because  of  Che  large  number  of  Input 
estimates  required,  Che  casualty  assessment  results  are  relatively  insensitive 
to  changes  In  particular  estimates. 

Nonetheless,  the  use  of  means  and  confidence  limits  in  this  report  may 
give  an  unwarranted  Illusion  of  precision.  The  uncertainty  estimates  made  by 
Che  expert  panels  provide  an  excellent  Initial  basis  for  the  evaluation  of 
potential  program  performance.  Yet,  many  of  Che  estimates  are  based  on  limited 
data.  The  POPDEF  and  PAM  models  are  also  subject  to  future  improvements. 
Therefore,  Che  Initial  results  are  most  useful  in  assessing  the  relative 
performance  of  programs  or  program  elements  rather  than  In  indicating 
absolute  performance. 

Other  Results 

Mean  or  average  survival  under  the  two  hypothetical  nuclear  attacks  and 
confidence  limits  are  presented  in  the  report  for  total  survivors  and  uninjured 
survivors.  Program  options  are  also  compared  on  the  basis  of  the  ratio  of 
uninjured  to  Injured  survivors,  an  Important  consideration  In  postaCtack 
reconstitution  and  recovery.  It  was  found  that  the  ratio  for  Program  D  Prime 
was  two  to  three  times  Chat  for  Paper  Plans  Only.  The  effectiveness  of  the 
options  In  reducing  fatalities  and  Injuries  was  also  compared  to  the  cost  of 
the  preparedness  programs.  The  results  are  shown  In  Figure  S-2,  The  upper 
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FIGURE  S-2  EFFECTIVENESS  VS.  COST 


(a)  Mean  Total  and  Uninjured  Survivors 


7  YEJIR  COST.  BILLIONS  OF  DOLLARS 

(b)  Assured  Total  and  Uninjured  Survivors  at  95  Percent  Confidence  Level 
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chart  shows  mean  or  average  percent  survivors  (total  and  uninjured);  the 
lower  chart  shows  assured  survivors  at  the  95-percent  confidence  level  (total 
and  uninjured).  The  tops  of  the  bars  in  the  lower  chart  are  the  same  results 
shown  in  Figure  S-1.  Referring  to  the  lower  chart,  it  can  be  seen  that  the 

Paper  Plans  Only  option  (PPO)  adds  from  4  to  5  percent  of  the  population  as 

assured  survivors  relative  to  the  current  capability  maintained  (CCM) .  This 
amounts  to  saving  about  10  million  persons,  which  is  achieved,  given  a 
Presidential  relocation  order,  at  an  incremental  cost  of  $150  million  ($790 
million  less  $640  million).  Thus,  the  cost  per  added  survivor  is  about  $15. 
Program  D  Prime,  under  the  same  assumption,  adds  73  to  76  million  assured 

survivors  under  both  attacks  at  an  incremental  cost  of  $1,280  million.  The 

cost  per  added  survivor  is  about  $17.00.  There  is  little  to  choose  between 
the  two  options  in  this  respect  and  relative  effectiveness  or  some  criterion 
of  assured  survival  would  appear  to  be  the  major  decision-making  factor. 

An  analysis  of  Program  D  Prime  is  presented  in  the  report  in  which  the 
costs  of  the  total  program  are  divided  among  five  program  element  "packages": 
paper  relocation  plans,  relocation  effectiveness  measures,  sheltering  and 
warning,  attack  operations,  and  shelter  stocks.  The  packages  are  added  in 
various  combinations  to  the  current  capability  and  the  effectiveness  results 
plotted  as  a  function  of  cost.  The  least  cost  per  added  survivor  is  the  line 
of  steepest  ascent  on  the  graph.  It  was  found  that,  in  terms  of  total 
survivors,  uninjured  survivors,  and  assured  survivors  at  the  95-percent 
confidence  level,  the  relocation  packages,  the  sheltering  and  warning  package, 
and  the  attack  operations  package  were  nearly  equal  in  cost-effectiveness. 

The  shelter  stocks  package  was  significantly  less  cost-effective  in  all  but 
the  measure  of  uninjured  survivors.  Here,  the  shelter  stocks  were  so  effective 
that  they  provided  a  significant  increase  in  the  ratio  of  uninjured  to  injured 
survivors,  given  the  investment  in  the  rest  of  Program  D  Prime.  It  can  be 
concluded  that  Program  0  Prime  is  a  well-designed  and  reasonably  balanced 
program  of  moderate  cost. 
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ABSTRACT 

A  methodology  and  computer  program  Is  documented  that  allows  the 
introduction  of  estimates  of  uncertainty  Into  the  assessment  of  nuclear 
warfare  casualties  and  of  the  effectiveness  of  candidate  civil  defense 
programs.  Estimates  of  uncertainty  In  Input  parameters  of  the  model  were 
made  by  expert  panels.  A  Monte  Carlo  method  is  used  to  generate  estimates  of 
the  mean  and  standard  deviation  of  outcomes.  The  method  Is  applied  to  two 
candidate  programs,  «dilch  are  compared  In  terms  of  mean  total  and  uninjured 
survivors,  assured  survivors  at  the  95-percent  confidence  level,  uninjured 
to  Injured  ratios,  and  cost  per  added  survivor.  An  analysis  of  the 
contributing  elements  to  the  dominant  program  Is  presented. 
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I.  INTRODUCTION 


Purpose 

The  purpose  of  this  report  is  to  document  a  methodology  and  computer 
program  that  allows  the  Introduction  of  ranges  of  uncertainty  into  the 
assessment  of  casualties  resulting  from  hypothetical  nuclear  attacks.  The 
methodology  is  an  adaptation  of  the  Population  Defense  Model  (POPDEF)  and 
its  associated  Program  Analysis  Model  (PAM)  reported  in  detail  in  a  companion 
report.*  Also  reported  are  the  results  of  input  estimates  made  by  expert 
panels  and  the  consequent  performance  of  several  civil  defense  program  options 
under  hypothetical  nuclear  attack. 

Scope 

The  work  reported  here  was  performed  for  the  Defense  Civil  Preparedness 
Agency  under  Modification  P088-3  to  Contract  No.  DCPA01-77-C-0223.  which 
contained  the  following  scope  of  work: 

A.  General 

The  Contractor,  in  consultation  and  cooperation  with  the  Government, 
shall  furnish  the  necessary  facilities,  personnel,  and  such  other  services  as 
may  be  required  to  Implement  the  effectiveness  methodology  at  its  current 
stage  of  development  on  the  DCFA  computational  facilities  and  to  provide  an 
interim  assessment  of  the  effectiveness,  in  terms  of  casualty  reduction,  of 
the  elements  of  a  civil  defense  program  to  be  specified  by  the  Government 
under  one  or  more  assumed  attacks. 

B.  Specific  Work  and  Services 

The  Contractor  shall  perform  specific  work  and  services  including, 
but  not  limited  to,  the  following: 

1.  Devise  a  short-running  casualty  assessment  program  based  on 
work  accomplished  under  Contract  No.  DCPA01-77-C-0223  and  implement  this  program 
on  the  DCPA  computational  facility. 

*  Walmer  E.  Strope  and  John  F.  Devanev,  Effectiveness  of  Civil  Defense  Systems, 
Center  for  Planning  and  Research,  Inc.  (June  1979). 
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2.  Establish,  In  consultation  with  appropriate  DCPA  staff, 
appropriate  quantitative  values  of  the  Inputs  to  the  casualty  assessment 
program  for  a  civil  defense  program  specified  by  the  Government,  including 
ranges  of  uncertainty  based  on  current  knowledge. 

3.  Perform  such  manual  assessments  as  are  necessary  to  establish 
appropriate  Inputs,  check  machine  computations,  and  provide  provisional  results 
in  a  timely  manner  for  use  by  Government. 

4.  Develop  one  or  more  computational  procedures  for  introducing 
ranges  of  uncertainty  into  the  casualty  assessment  program  and  perform  machine 
assessments  of  civil  defense  program  elements  of  such  nature  and  at  such  times 
as  specified  by  the  Government. 

5.  Document  the  methodology  and  results  in  the  form  of  a  summary 
report  on  this  phase  of  the  work. 

Limitations 

The  computational  procedure  employs  a  Monte  Carlo  sampling  model  connected 
to  the  Population  Defense  Model  (POPDEF).  POPDEF  has  been  developed  to  the 
point  where  it  specifically  Includes  all  civil  defense  elements  that  contribute 
significantly  to  casualty  reduction  with  the  exception  of  medical  care  and 
some  crisis  relocation  direction  and  control  functions.  Thus,  the  limitations 
on  the  use  of  this  model  lie  primarily  in  the  quality  of  the  data  on  which 
the  values  of  the  input  parameters  are  based.  As  reported  here,  a  number  of 
expert  panels  supplied  by  DCPA  undertook  to  assess  low,  best,  and  high  estimates 
of  the  needed  input.  The  Monte  Carlo  -  POPDEF  computer  program  (MCPOPDEF)  then 
generated  statistical  indices  of  civil  defense  program  performance.  Although 
this  procedure  is  believed  to  represent  a  relatively  unbiased  attempt  to  define 
civil  defense  program  performance,  the  use  of  means  and  confidence  limits  can 
easily  give  an  illusion  of  precision  that  should  be  guarded  against.  Because 
of  the  large  number  of  input  estimates  required,  the  casualty  assessment 
results  are  relatively  Insensitive  to  changes,  adjustments,  or  corrections  of 
particular  inputs.  Nonetheless,  the  results  are  best  suited  for  use  in 
assessing  the  relative  performance  of  programs  or  program  elements,  rather  than 
for  use  in  indicating  absolute  performance. 


Overview 
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Thls  introduction  Is  the  first  of  five  sections  of  the  report.  Section 
II  summarizes  the  POPDEF  and  MCPOPDEF  models  and  their  Implementation  on  the 
DCPA  computational  facility.  It  Is  responsive  to  paragraph  B.l  and  6.4  of 
the  scope  of  work.  Section  III  describes  the  procedure  used  to  obtain 
uncertainty  estimates  for  use  In  the  PAM  methodology  and,  ultimately,  In 
)K]POPDEF.  It  Is  responsive  to  paragraph  B.2  of  the  scope  of  work.  Section 
IV  presents  the  Initial  results  of  the  exercise  of  the  MCPOPDEF  model,  using 
the  uncertainty  estimates  discussed  In  Section  III.  These  results  are 
analyzed  to  bring  out  some  of  the  major  program  design  Implications. 
Conclusions  and  recommendations  are  contained  In  Section  V. 
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II.  MONTE  CARLO  VERSION  OF  POPDEF 

Estimates  of  system  costs  and  effectiveness  are  needed  In  the  process  of 
developing  policies  and  deciding  on  the  nature  and  extent  of  civil  defense 
preparedness  programs.  A  methodology  has  been  developed  for  estimating  the 
Individual  and  combined  contributions  of  various  program  elements  to  total  system 
effectiveness,  as  measured  by  casualty  reduction.  The  casualty  assessment  part 
of  this  methodology  Is  called  the  Population  Defense  Model  (POPDEF) .  Many  of 
the  Input  parameters  to  POPDEF  are  subject  to  uncertainty.  Hence,  the  Monte 
Carlo  version  of  the  Population  Defense  Model  was  developed  to  allow  the  user 
to  define  probability  distributions  for  each  of  these  parameters.  The  Itonte 
Carlo  version  (MCPOPDEF)  samples  from  these  distributions  particular  values 
that  are  then  used  In  POPDEF  to  determine  the  resulting  casualties.  After  a 
user-specified  ntimber  of  cycles  are  performed,  means  and  standard  deviations 
are  calculated  for  each  output  quantity  and  these  results  printed  out. 

Since  MCPOPDEF  Is  essentially  a  routine  that  uses  the  POPDEF  model 
repeatedly  as  It  progresses  through  the  specified  number  of  cycles,  both 
models  have  been  Implemented  In  a  single  computer  program.  When  a  single 
cycle  Is  specified,  the  program  operates  as  POPDEF.  When  multiple  cycles  are 
specified,  the  program  operates  as  MCPOPDEF.  Normally,  MCPOPDEF  runs  consist 
of  100  cycles,  although  smaller  and  larger  runs  have  been  made  to  test  the 
behavior  of  the  statistical  output.  The  POPDEF  model  has  been  tested  against 
manual  calculations  using  the  same  Input  values. 

As  mentioned  In  the  Introduction,  the  POPDEF  model  Is  reported  In  detail  In 
a  companion  report.  The  basic  structure  of  the  POPDEF  model  Is  summarized  below 
to  aid  In  discussing  the  Monte  Carlo  version  and  the  results  obtained  from  Its 
use. 

The  POPDEF  Model 

POPDEF  Is  an  aggregated  casualty  assessment  routine  that  draws  on  the  more 
detailed  DCPA  computer  program,  TENOS.  TENOS  operates  on  unit  areas  defined  by 
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two  mlautes  of  latitude  and  longitude  over  the  Contlnentlal  United  States. 

POPDEF  operates  on  three  regions  —  Risk,  Host,  and  Neither  —  using  data 
aggregated  from  the  unit  areas  by  the  TENDS  model.  For  each  region,  TENDS  Is 
used  to  determine  the  population  of  the  region  for  a  stipulated  fraction  of 
the  resident  population  of  the  Risk  region  relocated  to  the  Host  region  (FCR) , 
the  distribution  of  this  population  with  respect  to  attack  effects  (overpressure 
and  ERD) ,  and  the  population  assignment  to  shelter  categories  (FA). 

The  model  accommodates  ten  shelter  categories,  three  of  which  are  reserved 
for  those  at  random  In  residences  (unasslgned,  stay-puts,  etc.),  those  in  home 
basements,  and  those  In  the  open  at  time  of  detonation.  Each  category  is 
defined  by  rated  protection  characteristics  —  MLDP,  MCDP,  and  PF  —  that  are 
Intended  to  reflect  random  location  and  posture  In  the  shelter  area  and  minimal 
medical  care  for  the  Injured. 

PDPDEF  employs  a  "defense  scenario"  to  trace  the  changes  in  vulnerability 
of  the  population  In  each  shelter  category.  A  typical  tableau  for  one  shelter 
category  is  shown  in  Table  1.  (The  "B/C"  category  of  shelters  are  in  the 
basements  and  sub-basements  of  large  buildings.)  The  events  of  the  defense 
scenario  are  shown  at  the  left.  The  first  event  is  the  Shelter  Assignment; 
that  is,  the  product  of  the  CSP  planning  process  that  determines  where  the 
population  is  to  be  sheltered.  For  each  shelter  category,  there  is  a  "Stay" 
column  and  a  "Move"  column,  each  of  which  Is  subdivided  into  uninjured  (SU,  MU) 
and  Injured  (SI,  MI)  components.  The  entries  in  the  table  are  in  percentages 
of  the  region  population;  In  this  example,  the  residual  Risk  population  after 
77  percent  relocation.  Also  shown  on  the  right  are  the  Inputs  to  the 
computational  program  that  must  be  specified,  together  with  example  values  of 
the  Input  parameters. 

The  actual  calculations  are  made  In  terms  of  population  rather  than  the 
percentages  shown  in  Table  1;  hence,  the  resident  populations  of  the  Risk,  Host, 
and  Neither  areas  are  also  an  Input  to  the  computation.  FCR,  the  fraction  of 
the  Risk  population  that  has  relocated  to  the  Host  area  prior  to  attack,  thus 
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deflnes  the  population  In  the  Risk  Area  at  time  of  attack.  FCR  Is  taken  here 
to  be  77  percent.  The  value  of  FCR  is  calculated  by  means  of  the  Program 
Analysis  Model  described  In  the  next  section.  The  fraction  of  the  population 
assigned  to  shelter  category  "B/C"  Is  FA,  which  Is  an  output  of  the  TENDS 
shelter  assignment  process  at  the  unit  area  level.  Thus,  29.3  percent  of  the 
residual  population  In  the  Risk  area  Is  assigned  to  this  shelter  category. 

The  next  event.  Warning,  defines  the  population  In  this  shelter  category 
at  the  end  of  the  warning  and  movement-to-shelter  process  and  just  prior  to 
detonations.  To  obtain  the  estimated  shelter  population  at  time  of  detonation, 
two  Inputs  must  be  specified:  FS,  the  fraction  not  moving  to  shelter,  and  FE, 
the  fraction  caught  In  the  open  enroute  to  shelter.  The  example  values  shown 
in  Table  1  are  0.12  for  FS  and  0.03  for  FE.  Thus,  the  assignment,  29.3  percent, 
must  be  multiplied  by  0.12  to  find  that  3.52  percent  of  the  population  are 
stay-puts  at  time  of  attack.  The  remainder,  25.78  percent  of  the  population, 
move  to  shelter.  Of  these,  3  percent  are  caught  enroute,  leaving  25.01  percent 
in  shelter  category  "B/C*  at  time  of  attack. 

The  Protective  Posture  event  is  now  introduced  into  the  scenario.  This 
activity  does  not  change  the  amount  of  population  in  shelter  but  it  changes 
the  vulnerability  of  this  population  to  attack  effects.  The  rated  protection 
characteristics  of  the  "B/C"  shelter  category  (MLOP,  MCOP,  PF,  and  the  casualty 
functions  on  which  they  are  based)  assume  random  location  and  posture  (standing, 
sitting,  or  lying  down).  If,  for  example,  shelter  managers  were  to  seat 
shelterees  along  the  walls  and  around  columns  away  from  the  center  of  celling 
spans,  both  fatalities  and  Injuries  would  be  reduced.  This  defense  action  Is 
accounted  for  In  the  computation  by  means  of  the  Inputs  AMLOP  and  AMCOP. 
Estimates  of  these  parameters  are  obtained  In  two  steps:  first  "technical" 
estimates  are  made  of  the  fractional  increase  in  MLOP  and  MCOP  if  everyone 
were  in  the  protective  posture.  This  potential  Increase  is  then  multiplied 
by  an  estimate  of  the  fraction  of  the  shelter  population  actually  In  the 
protective  posture  to  obtain  the  net  AMLOP  and  AMCOP.  In  the  example,  both 
AMLOP  and  AMCOP  are  assessed  at  3  percent.  This  means  that  the  survivors  on 
the  Detonation  line  will  be  assessed  by  entering  the  attack  environment  matrix 
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wlth  an  MLOF  of  10.3  psl  rather  than  10.0  psl  and  an  MCOF  of  7.2  psl  rather 
than  7  psl.  This  procedure  Is  satisfactory  because  the  distribution  of 
population  with  overpressure  Is  uniform  In  the  region  of  Interest  for  large 
attacks. 

Similarly,  the  rated  FF  of  a  shelter  Is  based  on  random  location  and 
posture.  If,  after  fallout  arrival,  a  shelter  monitor  or  manager  Is  able 
to  locate  the  safest  place  In  the  shelter  area  and  group  the  occupants  there, 
a  substantial  Improvement  In  fallout  protection  can  usually  be  achieved.  In 
shelter  category  "B/C",  the  "technical"  estimate  Is  75  percent  (AFF  *  0.75) 

If  all  shelter  occupants  assume  the  fallout  protective  posture.  In  FOFDEF, 
the  estimate  of  the  fraction  of  the  shelter  population  actually  In  the 
protective  posture,  FFF,  Is  not  multiplied  by  the  potential  AFF  to  obtain  a 
net  value.  Rather,  the  survivors  In  shelter  are  divided  Into  two  groups,  one 
at  the  rated  FF  and  one  at  the  augmented  FF.  Thus,  In  the  example  shown  In 
Table  1,  95  percent  of  the  occupants  would  be  assessed  at  a  rated  FF  of  500 
and  5  percent  at  a  FF  of  875. 

The  event.  Medical  Care,  Is  shown  at  this  point  In  the  scenario  because 
It  Is  another  defensive  action  that  can  alter  the  casualty  outcome  without 
changing  the  location  of  the  population.  It  Is  shown  In  parentheses  because 
It  has  not  yet  been  operationalized  In  FOFDEF.  Casualty  functions  appropriate 
to  levels  of  medical  care  are  not  available  for  the  shelter  categories  used 
In  FOFDEF.  Hence,  all  casualty  assessments  made  by  the  model  at  Its  present 
stage  of  development  are  based  on  minimal  medical  care. 

At  the  Detonation  event,  fatalities  and  Injuries  from  direct  effects  are 
assessed.  The  surviving  uninjured  and  Injured  are  shown  In  parentheses  In 
the  Stay  column.  The  sum  of  uninjured  and  Injured  are  the  total  survivors  In  the 
location.  The  entries  are  obtained  by  entering  an  attack  environment  matrix, 
such  as  the  one  In  Table  2,  using  the  modified  MLOF  and  MCOF.  This  matrix,  which 
Is  the  aggregate  result  of  applying  the  TENOS  model  to  all  Risk  unit  areas,  shows 
the  percentage  of  the  Risk  population  who  are  In  areas  experiencing  less  than  the 
blast  overpressure  shown  In  the  column  heading  as  well  as  less  than  the  equivalent 
residual  dose  (ERD)  shown  In  the  row  heading.  The  bottom  row  of  this  matrix  Is 
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used  to  assess  detonation  fatalities  and  Injuries.  The  fraction  of  the 
population  experiencing  less  than  the  MLOP  are  considered  to  survive  In 
this  shelter  category.  The  fraction  experiencing  less  than  the  MCOP  are 
considered  to  be  uninjured  survivors.  Thus,  Interpolation  between  the 
5-psl  and  lO-psl  entries  finds  that  46.4  percent  of  the  Risk  population 
experience  overpressure  less  than  7.2  psl  and  are  classed  as  uninjured. 
Multiplying  the  25.01  percent  of  the  Risk  population  In  this  shelter 
category  by  this  factor  yields  the  11.60  percent  shown  In  the  SU  column. 

t 

The  detonation  survivors  are  then  partitioned  Into  those  who  are  trapped 
In  debris  and  those  who  are  not.  This  Is  accomplished  by  associating  with 
each  location  a  median  trapping  overpressure  (MTOP) .  Survivors  experiencing 
less  than  the  MTOP  are  not  trapped.  Further,  a  value  Is  assigned  to  the 
fraction  of  the  trapped  who  are  uninjured  (FTU) .  This  permits  the  trapped 
and  not-trapped  to  be  defined  as  uninjured  or  Injured.  The  sum  of  trapped 
and  not-trdpped  In  each  column  must  equal  the  survivors  carried  In  parentheses 
on  the  Detonation  line.  This  procedure  Is  necessary  so  that  the  Rescue  and 
Fire  events  can  be  assessed. 

The  Rescue  activity  operates  on  the  trapped  fraction.  Hence,  the 
population  percentages  In  the  Stay  columns  consist  of  those  not  trapped  plus 
the  survivors  of  those  caught  In  the  open  enroute  to  this  shelter  category. 

The  latter  are  estimated  as  part  of  the  "In  Open"  shelter  category  and  assumed 
to  continue  to  the  assigned  shelter.  The  survivors  shown  In  the  Move  columns 
In  parentheses  are  the  fraction  of  the  trapped  who  are  rescued,  which  Is 
determined  by  the  Input,  FR,  which  Is  taken  to  be  75  percent  In  this  example. 
The  rescued  survivors  are  divided  Into  those  afforded  remedial  radiological 
measures  (R)  and  those  who  are  not  (N)  by  FRR,  taken  as  2  percent  In  this 
example.  POPDEF  has  the  capability  to  accept  differing  estimates  of  the 
effectiveness  of  remedial  movement  as  functions  of  (a)  time  after  attack 
and  (b)  location  of  the  survivors  with  respect  to  physical  damage.  Since 
all  rescue  occurs  In  the  damaged  area,  only  one  value  of  FRR  Is  necessary. 
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The  Fire  event  operates  on  the  Stay  fractions  shown  on  the  Rescue  line. 

The  Inputs  to  the  calculation  are  FF,  the  fraction  forced  out  of  shelter  by 
the  fire  threat;  FFR,  the  fraction  of  these  afforded  remedial  radiological 
measures;  FFSS,  the  fraction  of  those  not  forced  out  who  survive;  and  FFSM, 
the  fraction  who  survive  among  those  forced  out.  The  Input,  PSIF,  taken  to 
be  2  psl  In  Table  1,  defines  the  overpressure  level  above  which  the  fire 
situation  exists. 

The  calculations  for  the  Fire  event  Illustrate  some  of  the  complexities 
Incorporated  Into  POPDEF.  Consider  the  SI  column  In  Table  1.  The  1.93  percent 
of  the  population  who  are  Injured  survivors  after  the  Rescue  event  are  all 
within  the  2-psl  region.  Hence,  the  1.72  percent  remaining  after  the  Fire 
event  comprise  89  percent  of  the  original  1.93  percent  and  the  0.21  In  the  MI 
column  are  the  11  percent  of  the  Injured  forced  out  of  shelter  by  fire 
(FF  •  0.11).  (The  latter  are  also  reduced  by  FFSM  but  the  survival  rate  Is 
so  high,  the  difference  does  not  appear  In  this  rounding.)  However,  the  0.82 
percent  In  the  MU  column  Is  only  about  7  percent  of  the  11.53  percent  uninjured 
In  the  SU  column  after  the  Rescue  event.  This  comes  about  because  about  one- 
third  of  the  uninjured  survivors  are  In  overpressure  regions  less  than  2  psl 
according  to  the  attack  environment  matrix  underlying  this  example  calculation. 
Hence,  the  FF  of  11  percent  can  be  assessed  only  on  the  approximately  two- 
thirds  that  are  In  the  fire  area.  Thus,  10.7  percent  of  the  population  remain 
uninjured  In  this  shelter  category  and  the  difference,  0.83  percent,  are 
forced  out.  The  latter  figure  Is  then  reduced  by  FFSM  to  the  0.82  percent 
shown.  It  can  be  seen  that  the  computational  program  must  account  for  the 
distribution  of  survivors  with  overpressure  at  each  stage  In  the  calculation 
In  order  to  model  survival  In  a  reasonable  way. 

The  Water  event  (lack  of  drinking  water)  applies  to  the  SU  and  SI 
population  fractions  remaining  In  this  shelter  category  after  the  Fire  event. 
The  principal  Inputs  are  FW,  the  fraction  forced  out  because  of  lack  of 
drinking  water,  and  FWR,  the  fraction  of  those  forced  out  that  are  afforded 
remedial  radiological  measures.  Consider  those  "B/C"  shelters  that  are  remote 
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from  the  detonation  region.  Lacking  the  provision  of  stored  water  In 
specially  provided  containers,  some  fraction  of  these  shelters  will  have 
ample  supplies  of  drinking  water  In  various  storage  tanks  or  may  be  served 
by  a  gravity-pressurized  water  system  that  would  provide  water  even  If 
electric  power  supplies  were  disrupted.  Thus,  only  a  portion  of  the  sheltered 
population  would  be  In  "B/C"  shelters  where  lack  of  drinking  water  could  result 
In  premature  shelter-leaving.  On  the  other  hand,  In  the  area  close  to 
detonations,  storage  tanks  and  piping  would  be  destroyed  and  water  mains 
broken.  Survivors  In  this  slttiatlon  would  lack  drinking  water. 

In  Table  1,  FH^  Is  the  estimated  fraction  forced  out  because  of  lack  of 
drinking  water  In  the  undamaged  area.  FW2  Is  the  fraction  forced  out  In  the 
damaged  region.  PSIFtiT  is  the  overpressure  dividing  these  two  regions.  In 
the  example  calculation,  all  survivors  experiencing  more  than  4  psl  are  forced 
out  as  well  as  half  those  experiencing  lower  overpressures.  In  the  calculation 
shown,  most  of  the  Injured  survivors  are  over  the  4  psl  level  (MCOP  ■  7  psl). 
The  exception  Is  the  Injured  survivors  that  continued  on  to  "B/C"  shelters 
after  detonations  occurred.  These  were  In  the  2-3  psl  region.  They  comprise 
1.93  -  1.85  or  0.08  percent  of  the  population  and  half  of  them  are  forced  out, 
leaving  0.04  In  the  SI  column.  The  equivalent  calculation  for  SU  Is  explained 
by  the  fact  that  fully  three-quarters  of  the  10.7  percent  uninjured  survivors 
are  found  at  overpressures  less  than  4  psl  when  previous  deductions  In  the 
scenario  are  taken  Into  account. 

The  FWR  calculation  follows  a  similar  pattern.  In  undamaged  areas 
several  days  after  attack,  the  effectiveness  of  remedial  movement  Is  seen  as 
quite  good  —  >  0.64  —  whereas  In  damaged  areas  it  Is  seen  as  quite 

poor  —  FWR^  “  0.02.  PSIW  defines  the  boundary  of  the  damaged  region  as  2  psl 
In  this  example.  Hence,  all  of  the  Injured  forced  out,  being  In  the  damaged 
region,  are  subject  to  the  2-percent  remedial  movement.  On  the  other  hand, 
about  20  percent  of  the  uninjured  obtain  remedial  measures  because  many  are 
In  the  undamaged  region. 


r 
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It  should  be  noted  that  at  the  conclusion  of  the  Water  event  all 
survivors  remaining  in  "B/C”  shelters  —  some  4.12  percent  of  the  Risk 
population  —  are  in  overpressure  regions  below  4  psi  as  the  result  of  the 
estimates  of  FW^  ^nd  PSIFW.  These  survivors  are  still  subject  to  premature 
shelter-leaving  because  of  an  untenable  heat  environment  in  the  shelter  areas. 
This  is  more  likely  in  summer  months  than  in  winter  months  and  more  likely  in 
the  South  and  Southwest  than  in  the  North.  As  can  be  seen  by  the  input  values 
in  Table  1,  all  survivors  are  forced  out  in  this  event  (FV  *  1.0).  The  times 
at  which  this  movement  occurs  as  well  as  those  for  the  water  event  are  derived 
from  the  analysis  of  climatological  and  physiological  variables.  These  times 
are  effective  times  of  shelter-leaving  that  reproduce  the  assessment  of 
radiation  casualties  under  variable  leaving  times  in  different  parts  of  the 
country  and  at  different  times  of  the  year.  In  particular,  it  is  not  meant 
that  people  afforded  remedial  movement  actually  leave  shelters  earlier  than 
the  (N)  group  but  merely  that  the  effective  exit  time  must  be  shorter  to  proper¬ 
ly  reflect  the  casualty  ratio  when  remedial  movement  fails. 

Because  the  Ventilation  event  occurs  many  days  after  the  detonation, 
the  estimate  of  FVRj^  is  substantially  higher  —  82  percent  effective  —  than 
FWR^  in  undamaged  areas.  The  effectiveness  of  remadlal  measures  in  damaged 
areas  remains  low  during  this  period.  Since  all  occupants  in  this  shelter 
category  have  left  shelter  at  the  end  of  the  Ventilation  event,  the  final 
Emergence  event  is  not  necessary.  Under  other  assumptions,  there  would  be  a 
group  who  would  ultimately  emerge,  as  the  defense  scenario  procedure  requires 
that  all  persons  leave  shelter  at  some  time  so  that  estimates  of  radiation 
fatalities  and  injuries  can  be  made. 

Fallout  radiation  casualties  are  computed  by  first  calculating  an 
effective  protection  factor  (EFF)  for  the  exposure  regime  of  each  group  in  the 
Move  columns.  This  process  requires  other  Inputs  not  shown  in  Table  1,  such 
as  the  average  protection  factor  after  leaving  shelter  with  and  without 
remedial  measures  and  the  like.  These  Inputs  are  defined  in  Appendix  A  along 
with  the  inputs  described  above.  The  resulting  EPFs  are  multiplied  by  estimates 


-15- 


o£  median  lethal  dose  (MLD)  and  median  sickness  dose  (MSD)  for  uninjured 
and  blast-injured  persons  and  the  results  used  In  the  attack  environment 
matrix  to  determine  the  radiation  survivors  and  uninjured  among  the  detonation 
survivors. 

The  POPDEF  Output 

The  results  of  the  POPDEF  casualty  computations  can  be  printed  out  In 
varying  amounts  of  detail  as  needed  for  purposes  of  analysis.  The  highest 
level  of  aggregation  Is  the  national  summary »  an  example  of  which  Is  shown 
In  Table  3.  Similar  siimmarles  can  be  requested  for  the  three  regions:  Risk, 
Host,  and  Neither.  Within  each  region,  detailed  printouts  can  be  obtained 
for  each  shelter  class.  The  latter  are  In  the  format  of  Table  1  except  for 
omission  of  the  listing  of  Input  parameter  values.  Each  shelter  class  event 
tableau  Is  followed  by  a  casualty  summary  like  that  In  Table  3. 

The  casualty  summary  consists  of  three  tables  in  sequence.  The  uppermost 
table  records  total  survivors  (la  millions)  by  event,  as  assessed  from  the 
"Move"  columns  of  the  event  tableau.  Those  afforded  remedial  radiological 
measures  are  shown  separately  from  those  who  are  not  and,  within  these 
categories,  those  uninjured  (MU)  and  Injured  (MI)  by  direct  effects. 

Next  In  Table  3  Is  the  record  of  the  subset  of  survivors  who  are  uninjured 
from  fallout  radiation;  that  Is,  those  whose  ERD  Is  less  than  200  Roentgens  If 
blast  injured  or  less  than  250  R  if  not  injured.  The  differences  between  these 
entries  and  the  corresponding  entries  In  the  upper  table  are  those  suirvlvors 
suffering  radiation  Injury. 

At  the  bottom  of  Table  3  are  the  summaries  of  survivors  and  fatalities  by 
cause.  The  "Not  Injured"  Is  the  sum  of  the  MU  columns  In  the  "Radiation 
Uninjured"  table.  The  blast  Injured  value  is  the  sum  of  the  MI  columns  In  the 
same  table.  The  radiation  Injured  are  obtained  from  the  differences  between 
the  MU  columns  In  the  two  upper  tables  and  those  Injured  by  both  blast  and 
radiation  are  obtained  In  a  similar  fashion  from  the  MI  columns.  By  dividing 
any  entry  by  the  population  base  shown  at  the  top  of  the  table,  the  results  can 
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Table  3 

EXAMPLE  POPDEF  OUTPUT 


Population  ■  211.774 


TOTAL  SURVIVORS 


REMEDIAL  NON-REMEDIAL 


MU 

MU 

Rescue 

.013 

.128 

.064 

.564 

Fire 

.000 

.000 

.326 

Water 

1.867 

.188 

4.682 

1.487 

Vent 

.474 

.012 

.600 

.059 

Emergence 

131.559 

.334 

40.360 

.662 

Subtotal 

133.913 

.662 

46.032 

2.867 

RADIATION  UNINJURED 


REMEDIAL 

NON- 

■REMEDIAL 

MU 

m 

Rescue 

.012 

.115 

.053 

.430 

Fire 

.000 

.000 

.225 

.063 

Water 

1.712 

.154 

3.744 

1.072 

Vent 

.420 

.011 

.516 

.051 

Emergence 

127.193 

.301 

35.693 

.503 

Subtotal 

129.337 

.581 

40.232 

2.119 

ULTIMATE  SURVIVORS 

Not  Injured 

169.569 

Blast 

15.290 

Blast  Injured 

2.700  , 

Radiation 

12.786 

Radiation  Injured 

10.376 

Other 

.224 

Blast  Radiation  Injured 

.829 

TOTAL 

183.474 

TOTAL 

28.300 
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be  expressed  In  terms  of  fractional  survival.  In  Table  3,  which  assumes 
crisis  relocation,  the  overall  survival  rate  Is  about  87  percent.  About  80 
percent  of  the  population  are  uninjured  survivors.  The  fatalities  are  about 
equally  due  to  blast  and  radiation,  with  a  small  "other"  contribution  from 
fire  and  lack  of  rescue. 

The  MCPOPDEF  Application 

The  POPDEF  model  outlined  above  Is  a  short-running  though  reasonably 
accurate  casualty  assessment  computer  program.  It  has  been  Implemented  on 
the  DCPA  computational  facility  as  required  by  paragraph  B.l  of  the  Scope  of 
Work.  In  the  process,  the  casualty  assessment  program  has  been  linked  to  a 
Monte  Carlo  routine  that  satisfies  paragraph  B.4  of  the  Scope  of  Work.  A 
description  of  these  programs  Is  contained  In  Appendix  A,  along  with  an 
overview  of  the  model,  a  description  of  the  MCPOPDEF/POPDEF  Input  quantities, 
and  a  description  of  the  output  produced  when  the  model  is  run  in  the  MCPOPDEF 
mode. 

With  respect  to  the  output  of  MCPOPDEF,  Table  A-2  of  the  Appendix  may  be 
compared  with  Table  3  of  this  section.  In  the  MCPOPDEF  mode,  the  entries  are 
average  or  mean  values  of  the  Monte  Carlo  runs  and  standard  deviations  are 
provided  for  the  mean  values  In  the  final  listings  of  ultimate  survivors  and 
fatalities.  The  MCPOPDEF  output  Is  available  only  for  national  or  regional 
summaries  whereas  output  at  the  sheltei  category  level  Is  available  for  the 
single  POPDEF  run. 

It  will  be  noted  In  Appendix  A  that  the  Input  names  In  Table  A-1  differ 
somewhat  from  those  used  In  Table  1  of  this  section  and  the  subsequent  sections 
of  this  report.  For  example,  FCR  In  Table  1  Is  called  FCRR  (L)  In  the  computer 
code  (Table  A-1).  The  necessary  correlations  are  noted  in  Table  A-1. 

The  MCPOPDEF  version  was  produced  to  enable  one  to  account  for  technical, 
operational,  and  behavioral  uncertainties  In  the  many  Input  parameters  of  the 
POPDEF  casualty  assessment  model.  The  overview  In  Appendix  A  describes  how 
probability  distributions  are  generated  from  estimates  of  "low",  "best",  and 


"high"  values  of  each  parameter.  Paragraph  B.2  of  the  Scope  of  Work  required 
consultation  with  DCPA  staff  to  establish  appropriate  "best"  estimates  and 
ranges  of  uncertainty.  This  work  Is  described  In  the  next  section. 
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III  ANALYSIS  OF  INPUT  PARAMETERS 

A  major  part  of  the  work  reported  here  consisted  of  the  estimation  of 
low,  best,  and  high  values  of  the  POPDEF  input  parameters  listed  in  Table  1, 
together  with  estimates  of  the  probability  distribution  over  the  range  of 
uncertainty  where  this  distribution  could  be  described.  Where  no  distribution 
could  be  specified,  a  "default"  distribution  that  approximates  a  normal 
probability  distribution  was  used,  as  described  in  Appendix  A.  Such  estimates 
were  produced,  in  consultation  and  cooperation  with  DCPA  staff,  for  most  of  the 
POPDEF  input  parameters.  The  procedures  used  and  results  obtained  are 
summarized  in  this  section  and  documented  in  appropriate  appendices  to  this 
report . 

Basic  Approach 

The  mechanism  used  in  obtaining  the  required  estimates  was  to  work  with 
expert  panels  provided  by  the  sponsor.  These  panels  consisted  largely  of 
DCPA  technical  and  planning  personnel,  augmented  occasionally  by  DCPA  consultants 
and  contractors.  In  some  areas,  such  as  the  rated  protection  characteristics  of 
shelter  classes  (MLOP,  MCOP,  PF),  the  discussions  were  technical  in  nature  and 
concerned  uncertainties  associated  with  the  Inherent  variability  of  structures 
within  each  shelter  class,  the  applicability  of  available  data  on  failure 
mode,  and  the  like.  In  other  areas,  such  as  the  effectiveness  of  crisis 
relocation  (FCR),  the  discussions  were  operational  in  nature  and  concerned 
uncertainties  in  the  quality  and  extent  of  planning,  training,  and  exercising, 
the  applicability  of  available  data  on  human  behavior,  and  the  like.  In  these 
operational  areas,  the  Program  Analysis  Model  (PAM)  noted  in  the  Introduction 
was  used.  PAM  applies  a  logic  model  to  elemental  inputs,  such  as  the  fraction 
of  the  population  having  trained  shelter  managers,  to  generate  estimates  of 
the  POPDEF  input  parameters.  The  main  advantage  of  PAM  is  that  it  provides  a 
formal  way  of  breaking  down  the  estimation  of  an  input  parameter  into  its 
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contrlbutlng  parts,  for  which  panel  Judgments  of  ranges  of  uncertainty  are 
likely  to  be  more  valid  than  a  global  estimate  of  the  variability  of  the 
input  parameter  Itself.  It  also  provides  a  means  for  assuring  that  all 
pertinent  aspects  have  been  considered  in  the  estimation  process.  Moreover, 
the  model  is  in  such  detail  that  panel  members  making  low,  best,  and  high 
estimates  of  basic  elements,  such  as  the  recruitment  and  training  of  personnel 
and  the  procurement  of  equipment,  could  not  anticipate  the  resulting  values 
of  the  POPDEF  input  parameters. 

Program  Descriptions 

Most  of  the  POPDEF  input  estimates  depend  not  only  on  technical  and 
operational  knowledge  and  expertise  but  also  on  assessment  of  the  capabilities 
that  should  result  from  deplojnnent  of  some  proposed  civil  defense  preparedness 
program.  In  this  initial  effort,  uncertainty  estimates  were  made  for  two  basic 
preparedness  programs.  The  first  program  evaluated  is  presently  known  as 
Program  D  Prime.  The  key  feature  of  the  program  is  the  development  of  a  high- 
confidence  crisis  relocation  capability  that  could  be  maintained  in  the  evacuated 
mode  for  a  zoonth  or  more,  if  necessary.  Given  a  crisis  "surge  period"  of  about 
a  week,  the  Intent  is  not  only  to  relocate  most  residents  of  urbanized  areas 
and  those  near  key  military  targets  but  also  to  house  and  feed  them  >znd  to 
provide  fallout  protection  should  an  attack  occur.  These  relocatees  are  the 


residents  of  the  TR-82  risk  areas.  The  program  Includes  detailed  operating 
plans  for  crisis  relocation  and  hosting,  including  on-site  work  with  essential 
industries  and  organizations  for  employee  relocation,  commuting  of  work  shifts, 
and  on-shlft  protective  measures.  Simulation  exercises  are  Included  to  train 
the  essential  forces  and  to  Improve  the  effectiveness  of  the  plans.  In-place 
shelter  protection  planning  is  also  included,  since  a  decision  to  relocate 


Shelter  protection  In  risk  areas  is  based  on  best  use  of  shelter  in 
existing  facilities.  An  all-effects  survey  is  programmed  to  provide  the 
basis  for  in-place  planning.  In  addition,  the  program  calls  tor  9  million 
high-performance  shelter  spaces  for  key  workers  after  crisis  relocation.  A 
host-area  survey  effort  is  included  to  (1)  identify  suitable  facilities  for 
housing  and  feeding  relocated  persons,  (2)  identify  all  facilities  offering 
fallout  protection,  and  (3)  identify  other  facilities  that  could  be  upgraded 
in  a  crisis  to  provide  fallout  protection.  Detailed  plans  for  shelter 
upgrading  are  Included.  Water  containers,  sanitation  kits,  and  ventilation 
devices  are  procured  for  host-area  shelters  and  key-worker  shelters  in  risk 
areas . 

Program  D  Prime  Includes  a  Federally  funded  backbone  system  of  EOCs  and 
protected  broadcast  stations.  Improved  warning  and  communications,  radiological 
Instrument  procurement,  and  extensive  training  of  shelter  managers  and 
radiological  defense  personnel.  This  program  is  estimated  to  cost  about  $1.9 
billion  over  a  7-year  deployment  period,  based  on  1979  dollars. 

The  other  program  that  was  evaluated  is  one  that  adds  to  the  current  civil 
defense  capability  the  development  of  austere  plans  for  relocating  the  risk- 
area  residents  to  host  areas  in  a  crisis.  These  "paper  plans"  would  not  include 
detailed  operational  plans  nor  the  exercising  of  such  plans.  Except  for  the 
effect  of  the  existence  of  paper  plans  for  crisis  relocation  on  FCR,  all  other 
POPOEF  Inputs  were  estimated  for  the  current  civil  defense  capability.  To 
maintain  this  current  capability  over  an  extended  period  (equal  to  the  Program 
D  Prime  deployment  period)  would  require  Investments,  in  addition  to  the  crisis 
relocation  plans,  to  accommodate  population  growth  and  other  changes  and 
degradations  and  to  maintain  current  personnel,  equipment,  and  facilities. 

The  overall  cost  of  this  program  is  estimated  to  be  $790  million  over  a  7-year 
period  in  1979  dollars. 


A. 


ik 
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Evaluation  Scenario 

-  c 

The  programs  described  above  were  evaluated  on  the  basis  that  a  crisis  i 

occurs  seven  years  hence;  that  Is,  at  the  completion  of  Program  D  Prime.  In 
all  cases,  the  crisis  escalates  to  a  confrontation  between  the  superpowers,  , 

at  which  time  a  "surge  period"  of  preparedness  activity  occurs.  The  amount 
of  relocation  of  risk-area  residents  during  the  crisis  and  surge  period  was 
evaluated  alternatively  under  the  assumption  that  no  Presidential  order  to 
relocate  occurs  (spontaneous  evacuation  only)  and  under  the  assumption  that 
a  timely  Presidential  declaration  precipitates  Implementation  of  crisis 
relocation  plans.  Thus,  four  defensive  postures  were  analyzed.  Program  D 
Prime  was  evaluated  under  the  assumptions  that  no  Presidential  order  occurs 
(DIP)  and  that  a  full  relocation  occurs  (DRE) .  The  second  program,  "paper 
plans  only" ,  was  called  PPO  for  a  Presidential  relocation  order  and  was 
called,  "current  capability  maintained"  (CCM)  in  all  other  respects. 

For  each  program,  then,  low,  best,  and  high  estimates  were  required  in 
most  instances  for  five  conditions:  the  Risk  areas  with  most  of  the  resident 
population  in-place;  the  Risk  areas  after  a  major  relocation;  the  Host  areas 
without  relocation  of  Risk  residents;  the  Host  areas  with  an  augmented 
population  of  residents  and  evacuees;  and,  finally,  the  Neither  areas,  which 
are  unaffected  by  the  amount  of  crisis  relocation.  As  will  be  seen,  the 
number  of  Individual  elements  for  which  estimates  were  needed  numbered  well 
over  a  thousand;  hence,  the  number  of  Individual  estimates  made  were  In  the 
tens  of  thousands.  Most  of  the  Individual  estimates  were  made  as  part  of  the 
PAM  methodology,  which  was  use'^  to  estimate  the  uncertainty  ranges  for  the 
POPDEF  Inputs  FCR,  FS,  FE,  AMLOP,  AMCOP,  FF,  FFSM,  FR,  FPF,  FFR,  FRR,  FWR,  FVR, 
and  FER  (See  Table  1) .  Accordingly,  we  will  outline  the  PAM  methodology  below 
and  follow  with  a  summary  of  the  estimation  process  and  results  for  each  POPDEF 
Input  for  which  PAM  was  used.  The  remainder  of  the  section  will  summarize  the 
technical  estimates. 


The  Program  Analysis  Model  (PAM)  was  developed  to  provide  a  means  by 
which  appropriate  values  of  the  POPDEF  input  parameters  could  be  estimated, 
given  a  description  of  a  postulated  civil  defense  preparedness  program.  In 
essence,  PAM  identifies  and  defines  relationships  among  elements  of  civil 
defense  and  describes  paths  through  these  relationships  along  which  quantitative 
descriptions  of  program  elements  of  the  preparedness  program  can  be  translated 
into  estimates  of  the  POPDEF  input  parameters.  For  this  ..purpose,  PAM  employs 
(1)  a  system  element  structure,  (2)  a  system  algebra  to  define  relationships 
among  elements  and  between  elements  and  other  model  inputs,  and  (3)  logic 
diagrams  (system  trees)  that  describe  how  the  relationships  lead  to  estimates 
of  the  POPDEF  input  parameters  or  intermediate  inputs. 

The  basic  system  element  structure  is  shown  in  Table  4.  These  major  and 
subordinate  elements  cover  all  of  the  operational  and  preparedness  aspects  of 
the  civil  defense  system.  The  element  codes  shown  in  Table  4  are  used  in  the 
logic  diagrams.  However,  a  third  letter  is  often  added  to  denote  relationships 
within  an  element.  Thus,  for  example,  DSR  is  used  to  refer  to  the  fraction  of 
the  population  for  which  D  &  C  public  infonnation  personnel  have  been  recruited; 
DST,  those  who  have  been  trained;  DSS,  their  capability;  and  DSC,  the 
communications  they  use. 

The  system  algebra  used  to  relate  elements  and  other  quantities  consists  of 
five  relationships.  They  are: 

1.  Augmentative:  x  »  a  +  b.  This  relationship  is  used  whenever  one 
quantity  is  increased  by  another  without  the  possibility  of  double  counting, 
as  when  the  fraction  of  the  population  having  trained  shelter  managers  now  is 
augmented  by  the  net  Increase  in  trained  shelter  managers  at  the  completion  of 
a  postulated  program. 
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SYSTEM 

Major  Element 
Shelter 


Crisis  Relocation 
Planning  (CRP) 

Warning 


Table. 4 

ELE.MENT  STRUCTURE  FOR  PROGRAM  ANALYSIS  MODEL 


Subordinate  Elements 


Element  Code 


Survey 

SA 

Marking 

SB 

Planning 

- 

Community  Shelter 

SC 

Crisis  Relocation  Shelter 

SD 

Shelter  Production 

SE 

Production 

- 

Single  Purpose 

SF 

Slanting 

SG 

Upgrading 

SH 

Expedient 

SI 

Ventilation 

SJ 

Stocking 

- 

Water 

SK 

Sanitation 

SL 

Food 

SM 

Med  leal 

SN 

Communications 

SR 

Public  (EBS) 

SO 

System 

SP 

Relocation  ^fa}vement 

XA 

Reception  and  Care 

XB 

Revising  Supply  Channels 

XC 

Commuting  Essential  Workers 

XI) 

Increased  Capability 

- 

National  System 

AC 

Alert  Ing 

Ai\ 

Informing 

Ab 

Local  System 

AF 

Alerting 

AD 

Informing 

AE 

Reduced  Delay 

- 

National  System 

AI 

Alerting 

AC 

Informing 

AH 

Local  System 

AL 

Alerting 

AJ 

Informing 

AK 

Table  4  (Continued) 


Major  Element 

Subordinate  Elements 

Element  Code 

Radiological  Defense 

Shelter  RADEF 

US 

(RADEF) 

Instruments 

UA 

Monitors 

UB 

Self-Help  RADEF 

UH 

Instruments 

UC 

Monitors 

UD 

Area  RADEF 

UW 

Instruments 

UE 

Monitors 

UF 

RADEF  Officers 

UG 

Emergency  Public 

Information  Preparations 

Information  (EPI) 

Self-Help 

lA 

Warning 

IB 

Relocation 

IC 

Shelter 

ID 

Broadcast  Station  Protection 

IE 

Emergency  Services 

Fire  Service 

Public  Preparedness 

- 

Self-Help 

FA 

Warning 

FB 

Relocation 

FC 

Shelter 

FD 

Fire  Prevention 

- 

Self-Help 

FD 

Fire  Service 

FF 

Fire  Suppression 

FG 

Rescue 

FH 

Inform  D&C 

FI 

Medical  Service 

Public  Health 

- 

Self-Help  Sanitation 

MA 

Medical  Service  Sanitation 

MB 

Controlling  Disease 

MC 

Controlling  Vectors 

MD 

Medical  Care 

- 

Transporting 

ME 

Self-Help  First  Aid 

MF 

Service  First  Aid 

MG 

Facility  Treatment 

MH 

Inform  D&C 

MI 
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Table  4  (Continued) 


Halor  Element  Subordinate  Elements 

Police  Service  Public  Preparedness 

Self-Help 

Warning 

Relocation 

Shelter 

Maintaining  Order 
Facilities 
Relocation  Traffic 
Movement  to  Shelter 
Remedial  Movement 
Suppressing  Crime 

Controlling  Access 
Controlling  Criminals 
Warning 
Inform  04C 

Warden  Service  Public  Preparedness 

SeiC-llelp 

Warning 

Relocation 

Shelter 

Managing  Movement 
Relocation 
To  Shelter 
Remedial 

Shelter-Based  Operations 
Fire  Fighting 
Rescue 

Remedial  Movement 
Managing  Shelters 
Public  Information 
Improve  Blast  Posture 
Improve  Fallout  Posture 
Operate  V'-ntllatlon 
Control  Water  Use 
Shelter  RADEF 
Snnitatlim 
Medical  Care 
Feed  Lng 

Reception  uiui  Care 
Lodging 
Feeding 

Welfare  Services 
Warning 
Inroi'in  DtkC 


Element  Code 


LA 

LB 

LC 

LD 

LE 

LF 

Lt: 

Lll 

LI 

L.I 

LK 


LL 


WA 

WB 

WC 

WD 

WE 

WF 

WG 

WH 

WI 

WJ 

WK 

WL 

WM 

UN 

UO 

WF 

WR 

ws 

WT 

WX 

V.’U 

wv 

ww 

WY 

U2 
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Major  Element 
Resoarce  Service 


Protect  Industry 


Protect  Agriculture 


Direction  and  Control 
Federal  D&C 


Table  4  (Continued) 


Subordinate  Elements 
Supply 

Revising  Supply  Channels 
Supplying  Goods 
Transporting 

Relocation  of  People 
Commuting  Workers 
Remedial  Movement 
Goods 

Facilities 

Establishing 

Operating 

Maintaining  &  Repairing 
Clearing  Debris 
Roads 
Buildings 
Decontaminating 
Build Ings 
Terrain 
Inform  D&C 

Hardening 
Facilities 
Equipment 
Inventories 
Emergency  Shut  Down 
Pac 11 Itlcs 
Processes 

Public  Preparedness 
Self-Help 
Shelter 

Protect  Livestock 
Protection 
Feeding 
Protect  Crops 

Protect  Seed  Stock 
Decontamino  t ion 

Support  State  and  Local 
Goods 
Services 
information 
Informing  the  Public 
Warning  the  Public 
Alerting 
Informing 


Eler.c 


RA 

RB 

RC 

RD 

RE 

RF 

R.I 

RG 

RH 

RI 

RM 

RK 

RL 

RP 

RN 

RO 

RR 


BA 

BB 

BC 

BU 

BE 


CA 

CB 

GC 

CD 

CE 

GF 


DA 

DB 

DC 

DD 

DG 

DE 

DF 


'Tb£r>>.lV» 
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Table  4  (Continued) 


Major  Element 
State  D&C 


Local  D&C 


Research  and 
Development 

Federal  Program 
Management 


1.  . 

i 

I 

#  W  4 


Subordinate  Elements 

Support  Local 
Goods 
Services 

Information 
Inform  Federal 

Public  Preparedness 
Self-Help 
Warning 
Relocation 
Shelter 

Warning  the  Public 
Alerting 
Informing 

Informing  the  Public 
Informing  the  System 
State 

Fire  Service 
Medical  Service 
Police  Service 
Warden  Service 
Resource  Service 


Planning 

Program 

Operational 

Procurement 

Facilities 

Equipment 

Materials 

Services 

Staffing 

Recruiting 
Course  Instruction 
Organization  Exercise 
Supporting  State  and  Local 
Funds 

Ask  Istance 
Infurmat Ion 
Administration 


Element  Code 


DH 

DI 

DJ 

DK 


DL 

DM 

DN 

DO 

DR 

DP 

LKJ 

DS 

DZ 

DT 

DU 

DV 

DW 

DX 

DY 

KA 


HA 

HB 

HC 

ilD 

HE 

HF 

HG 

Hll 

HI 

HJ 

HK 

HL 

HM 


Table  4  (Concluded) 


State  Program 
Management 


Local  Program 
Management 


Subordinate  Element 

Planning 

Program 

Operational 

Procurement 

Facilities 

Equipment 

Materials 

Services 

Staffing 

Recruiting 
Course  Instruction 
Organization  Exercise 
Supporting  Local 
Funds 

Assistance 
Information 
Inform  Federal 
Administration 

Planning 

Program 

Operational 

Procurement 

Facilities 

Equipment 

Materials 

Services 

Staffing 

Recruiting 
Course  Instruction 
Organization  Exercise 
Inform  State 
Administration 


Element  Code 


NA 

NB 

NC 

ND 

NE 

NF 

NG 

NH 

NI 

NJ 

NK 

NL 

NM 


PA 

PB 

PC 

PD 

PE 

PF 

PC 

PH 

PT 

PJ 

PK 


2.  Independent;  x  «  a  *  b.  This  relationship  obtains  when  a  potential 
capability  is  modified  by  an  effectiveness,  injury,  or  other  factor  and  when 
one  capability  requires  another  and  there  is  no  logical  basis  for  assuming  that 
they  will  necessarily  be  present  in  the  same  place. 

3.  Dependent ;  x  -  min  a  :  b.  This  relationship  is  used  where  one 
capability  requires  another  and  there  is  a  logical  basis  for  assuming  that  they 
should  be  present  in  the  same  place,  as  the  case  where  the  fraction  of  the 
population  having  trained  shelter  managers  is  the  minimum  of  the  fraction  for 
which  managers  have  been  recruited  and  the  fraction  for  which  managers  could 

be  tralm^d. 

4.  Redundant ;  x  *  a  -t-  b  -  ab.  This  relationship  applies  where  there  is 
more  than  one  means  of  accomplishing  a  given  end  as  when  there  are  two  means  of 
giving  attack  warning.  Some  people  will  be  warned  by  one  means  and  some  by  the 
other,  but  those  who  are  warned  by  both  must  not  be  double-counted. 

5.  Supportive;  x  -  x'{l  -  Aa(l  -  a)}.  This  relationship  applies  where 

an  element  of  the  system  would  be  able  to  exercise  all  of  its  potential  capability 
(x*)  if  fully  supported  by  the  capability,  a,  of  another  element  and  the  fraction 
of  x'  that  would  not  be  realized  in  the  absence  of  a  is  estimated  to  be  Aa.  If 
the  supporting  element  is  always  required  (Aa  *  1) ,  the  supportive  relationship 
reduces  to  the  independent  relationship. 

The  foregoing  system  algebra  is  employed,  along  with  the  element  codes  and 
certain  notatlonal  conventions,  in  logic  diagrams  or  system  trees,  such  as  that 
shown  in  Figure  1.  The  example  shown  is  the  basic  system  tree  for  calculating 
AMLOP  and  AMCOF,  the  change  in  vulnerability  ascribed  to  the  blast  protective 
posture.  It  will  be  discussed  as  a  relatively  simple  example  of  the  PAM 
methodology.*  The  analysis  begins  at  lower  center  with  an  estimate  (or  low, 
best,  and  high  estimates)  of  the  fraction  of  the  population  assigned  to  a  public 

s 

The  full  definitions  of  the  system  element  structure  and  the  formal  development 
of  all  the  parts  of  PAM  in  its  current  stage  of  development  will  be  found  in 
the  companion  report  cited  in  the  Introduction  to  this  report. 
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FIGURE  1 

EFFECTIVENESS  IN  IMPROVING 
BLAST  PROTECTIVE  POSTURE  -  (a  MLOP.  a  MCOP) 
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shelter  class  (or  all  public  shelters)  for  whom  shelter  managers  are  presently 
recruited  (WLR^) .  The  subscript,  o.  Is  used  for  Initial  conditions.  Next,  an 
estimate  is  made  of  AWLR,  the  net  additional  fraction  for  whom  managers  will  be 
recruited  in  Program  D  Prime.  For  “Current  Capability  Maintained",  this  element 
would  be  set  to  zero.  Then,  WLR,  the  fraction  having  managers  at  program 
completion  would  be  the  sum,  as  indicated  in  relationship  (1) .  Similarly,  WLT^ 
is  the  fraction  of  the  shelter  population  with  managers  trained  in  improving 
blast  posture  at  present.  (This  estimate  requires  investigation  of  the  content 
of  past  shelter  manager  training.)  AWLT  is  the  net  fraction  for  whom  shelter 
managers  can  be  trained  in  Program  D  Prime  and  WLT,  the  sum,  is  the  fraction  of 
the  shelter  population  with  managers  trained  in  improving  blast  posture  at 
program  completion. 

Moving  up  the  system  tree,  WL'  is  the  fraction  of  the  shelter  population 
having  shelter  managers  who  would  try  to  improve  blast  posture,  given  advice 
from  D  &  C.  This  fraction  is  the  minimum  of  VLR  and  WLT.  WL'  is  a  potential 
capability  because  some  trained  managers  may  not  try  to  improve  blast  posture 
unless  reminded  by  instructions  at  the  time.  SP  is  an  estimate  of  the  fraction 
of  managers  who  would  receive  such  instructions.  The  blackened  corner  of  the 
input  symbol  indicates  that  there  is  another  system  tree  by  means  of  which  this 
intermediate  input  is  to  be  calculated.  (The  SP  system  tree  has  two  other 
intermediate  inputs  that  must  be  calculated  separately.)  ASP  is  an  estimate 
of  the  fraction  of  shelter  population  whose  trained  managers  would  not  try  to 
improve  blast  posture  without  guidance  from  D  &  C.  If  this  estimate  is  a  small 
fraction,  such  guidance  is  judged  not  very  important.  If  it  is  large,  guidance 
from  D  &  C  assumes  great  importance  to  this  function.  Relationship  (4),  then, 
is  the  supportive  relationship  and  WL  is  the  net  fraction  of  the  shelter  population 
with  managers  trying  to  place  them  in  the  maximum  blast-protective  posture. 

Of  course,  not  all  trained  oianagers  may  be  effective  in  actually  placing 
the  people  in  the  blast-protective  posture.  Thus,  is  an  estimate  of  the 
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relatlve  effectiveness  of  managers  in  achieving  Improved  blast  posture.  WL 
Is  multiplied  by  to  arrive  at  the  fraction  of  the  shelter  population  In  the 
Improved  blast  posture  because  of  managers  (E^) . 

But  some  shelters  may  not  have  a  trained  manager  or  an  effective  one.  In 
this  case,  there  may  be  an  emergent  leader  who  could  be  effective.  This 
possibility  accounts  for  the  left-hand  branch  of  the  tree.  Given  that  there 
exists  a  public  Information  activity  to  prepare  the  public  for  shelter  occupancy 
and  that  some  of  the  public  may  learn  of  Improving  blast  posture  from  this 
activity  (ID  in  Table  4),  I^  Is  the  net  effectiveness  of  this  activity  and  set 
equal  to  OL',  the  fraction  of  the  shelter  public  having  emergent  leaders  who 
would  try  to  improve  blast  posture,  given  Instructions  from  D  &  C.  The  blackened 
triangle  denotes  that  I^  Is  to  be  estimated  through  use  of  a  subordinate  system 
tree.  The  system  code,  OL,  will  not  be  found  In  Table  4  as  it  concerns  an 
emergent  and  not  a  system  capability.  In  PAM,  public  x espouses  have  the  Initial 
code  letter,  0,  and  a  second  letter  denoting  the  activity;  In  this  case,  L  as 
in  WL  in  Table  4. 

As  before,  SO  Is  an  Intermediate  estimate,  developed  by  means  of  a  separate 
system  tree,  of  the  fraction  of  emergent  leaders  who  would  receive  and  understand 
guidance  on  this  activity  from  D  &  C.  ASO  Is  the  estimate  of  the  fraction  of 
the  shelter  population  with  emergent  leaders  who  would  not  try  to  Improve  blast 
posture  without  guidance  from  D  &  C.  OL  Is  the  net  fraction  with  emergent 
leaders  trying  to  place  them  In  Improved  blast  posture;  namely,  OL*  degraded  by 
the  support  capability  of  D  &  C,  relationship  (7).  is  the  relative  effective¬ 
ness  of  emergent  leaders  In  achieving  the  blast-protective  posture,  which  when 
multiplied  by  OL  yields  the  fraction  of  the  population  In  Improved  blast  posture 
because  of  emergent  leaders  (E^) . 

Since  the  shelter  population  can  be  placed  In  the  blast-protective  posture 

by  either  managers  or  emergent  leaders  Independently,  the  overall  fraction  In 
the  protective  posture,  E^,  is  the  sum  of  E^  and  E^  less  their  product  to  avoid 
double-counting  of  those  with  both.  Finally,  AMLOP^  Is  the  potential  fractional 


Improvement  in  MLOP  for  shelter  class  i,  if  all  occupants  were  In  the  blast- 
protective  posture.  This  is  a  technical  estimate.  When  multiplied  by 
the  fraction  actually  in  the  posture,  one  obtains  the  realized  Increase  in 
MLOP,  which  is  the  desired  POPDEF  input  parameter.  AMCOP  is  obtained  by 
substituting  the  technical  estimate  AMCOP*  for  AMLOP'. 

As  can  be  seen  from  this  discussion,  the  PAM  methodology  is  quite  detailed 
and  requires  numerous  estimates  of  the  contributing  element  capabilities.  The 
documentation  of  the  PAM  methodology  in  the  companion  report  requires  about  250 
pages  and  is  Included  only  by  reference.  The  pertinent  estimates  are  sunimarized 
below  and  detailed  in  the  appendices. 

Effectiveness  of  Crisis  Relocation  (FCR) 

FCR  is  used  in  POPDEF/MCPOPDEF  as  the  fraction  of  the  Risk  population  who 
would  have  moved  to  the  Host  region  at  the  end  of  a  specified  period,  taken  to 
be  three  days.  The  movement  would  be  either  spontaneous  evacuation  during  the 
crisis  or  controlled  relocation  motivated  by  a  Presidential  declaration.  The 
PAM  calculation  groups  the  Risk  population  into  three  categories:  (1)  those 
associated  with  organizations  that  are  planned  to  relocate  as  units;  (2)  those 
of  the  general  public  who  would  use  their  automobile  or  ride  with  someone  having 
an  auto;  and  (3)  those  of  the  general  public  for  whom  transportation  would  need 
to  be  provided.  The  effectiveness  of  the  relocation  movement  differs  for  these 
three  groups,  and  so  does  their  readiness  to  move. 

The  detailed  rationale  for  the  estimates  of  FCR  will  be  found  in  Appendix 
B.  In  brief,  the  expert  panel  judged  that  persons  moving  with  organizations 
would  be  limited  to  key  workers  and  their  dependents  and  that  such  organization 
plans  would  be  completely  adequate  at  the  completion  of  Program  D  Prime.  This 
group  was  estimated  to  comprise  12,  20,  35  percent*  of  the  Risk  population. 

* 

This  convention  is  used  to  signify  that  the  low  estimate  was  12  percent;  the 
best  estimate,  20  percent;  and  the  high  estimate,  35  percent. 
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The  estimate  of  those  willing  and  able  to  relocate,  given  a  Presidential 
declaration,  was  90,  93,  94  percent  of  those  planned  for  organizational 
relocation.  If  no  Presidential  order  occurred,  it  was  judged  that  only 
5,  15,  35  percent  would  leave  spontaneously. 

That  part  of  the  general  public  that  might  travel  by  auto  was  estimated 
to  be  61,  69,  70  percent  of  the  Risk  population  —  leaving  11  percent  as  the 
best  estimate  of  those  requiring  public  transportation.  A  series  of  subordinate 
estimates  by  the  panel  resulted  in  the  calculation  that,  at  the  completion  of 
Program  D  Prime,  80,  88,  91  percent  of  the  public  with  autos  would  try  to  relocate, 
given  a  Presidential  order.  Lacking  such  an  order,  the  panel  Judged  that  21, 

33,  45  percent  in  this  group  would  relocate  spontaneously  —  about  twice  the 
spontaneous  evacuation  rate  estimated  for  the  organizational  population. 

The  willingness  to  relocate  of  those  requiring  public  transportation  was 
judged  the  equal  of  the  public  at  large  but  the  capability  to  provide  public 
transportation  at  the  completion  of  Program  D  Prime  was  estimated  to  range 
from  64  to  92  percent,  with  a  best  estimate  of  79  percent.  Given  a  Presidential 
declaration,  the  effectiveness  of  movement  by  public  transport  was  estimated  to 
be  51,  70,  84  percent.  Lacking  a  Presidential  order,  only  about  10  percent  of 
this  group  was  found  likely  to  relocate  spontaneously. 

The  fraction  of  the  Risk  population  trying  to  relocate  after  a  Presidential 
order,  given  Program  D  Prime  preparations,  was  found  to  be  90,  96,  97  percent. 

The  effectiveness  of  traffic  management  and  road  clearance  capabilities,  given 
Program  D  Prime  preparations,  was  still  judged  to  dissuade  or  deter  a  substantial 
fraction  of  those  trying  to  relocate,  so  that  the  fraction  relocating  under 
normal  conditions  was  reduced  to  68,  83,  90  percent.  For  use  in  POPDEF,  the 
key  workers  on  duty  in  the  Risk  areas  must  be  deducted,  yielding  a  net  relocation 
ranging  from  63  to  88  percent. 
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Two  contingencies  are  then  handled  in  the  PAM  model  in  terms  of  expected 
values.  The  first  is  adverse  weather  in  the  form  of  snow  and  ice.  The 
second  contingency  addresses  the  probability  that  an  attack  would  occur  at 
about  three  days  before  the  populat -jn  trying  to  evacuate  the  very  large 
cities  could  complete  the  operation.  Consideration  of  these  two  contingencies 
reduced  the  FCR  for  Program  D  Prime  to  58,  77,  87  percent.  Without  a 
Presidential  order,  spontaneous  evacuation  for  Program  D  Prime  was  estimated 
to  be  16,  27,  40  percent. 

Parallel  estimates  for  the  Paper  Plans  Only  program  option  resulted  in 
calculations  indicating  that  21,  39,  58  percent  of  the  Risk  population  would 
be  in  the  Host  areas,  given  a  Presidential  order  to  relocate.  Lacking  a 
Presidential  declaration,  it  was  judged  that  spontaneous  evacuation  would  be 
similar  to  that  of  the  current  program,  which  was  estimated  separately  to  be 
10,  16,  22  percent. 

Movement  to  Shelter  (PS  and  PS) 

The  PAM  model  for  warning  and  movement  to  shelter  is  a  dynamic  one  since 
the  time  interval  between  warning  and  attack  is  likely  to  be  short.  The  model 
considers  one  or  more  warning  systems  that  provide  an  alerting  signal  plus  a 
confirming  message  over  radio  and  TV.  This  warning  is  supplemented  by  alerting 
efforts  of  the  CD  organization  and  the  public  Itself.  Measures  are  estimated 
for  the  rate  at  which  people  are  warned,  decide  to  go  to  shelter,  complete 
preparations,  and  move.  These  measures  are  partly  a  function  of  the  design  of 
the  warning  system  and  partly  a  function  of  the  effectiveness  of  efforts  to 
prepare  the  public  in  the  crisis  period. 

As  they  are  warned  and  as  they  complete  their  preparations,  some  of  the 
people  start  to  move  to  shelter  and  as  they  arrive  they  enter  the  shelters. 

Some  of  the  people  decide  not  to  go  to  shelter.  When  detonations  occur,  some 
fraction  are  in  shelter,  another  fraction  is  at  random  in  residences,  and  a 
third  fraction  is  caught  in  the  open  enroute  to  the  shelters.  The  location 
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of  the  public  is  determined  minute-by-minute  by  the  convolution  of  three  time 
distributions.  These  locations  —  in  shelter,  in  open,  and  at  random  in 
residences  —  are  then  compared  with  the  time  distribution  of  detonations  in 
the  attack  to  determine  FE  and  FS. 

The  detailed  rationale  for  the  estimates  is  given  in  Appendix  C.  In 
brief,  the  calculations  indicated  that  83,  89,  95  percent  of  those  assigned 
to  home  basements  would  be  warned  and  decide  to  go  to  the  basement  at  the  completion 
of  Program  D  Prime.  Since  people  are  assumed  to  be  in  the  residential  posture 
and  the  time  required  to  go  to  basements  is  short,  FS  is  the  complement  of  the 
above  estimates  and  no  one  assigned  to  home  basements  is  caught  in  the  open.  Of 
those  assigned  to  public  shelter,  81,  88,  95  percent  are  warned  and  decide  to 
move  to  shelter.  When  the  time  distributions  of  movement  to  shelter  are  compared 
with  three  estimates  (slow,  medium,  and  fast)  of  attack  dynamics,  an  additional 
2  percent  of  those  moving  to  shelter  are  caught  at  random  before  moving, in  the 
worst  case;  hence,  FS  becomes  5,  12,  21  percent.  The  estimates  of  the  fraction 
caught  in  the  open  enroute  to  shelter  are  1,  3,  23  percent  for  Program  D  Prime. 

Parallel  calculations  for  the  current  capability  found  FS  to  be  20,  42,  58 
percent  for  home  basements  and  29,  27,  66  percent  for  public  shelter.  FE  for 
public  shelter  was  calculated  to  be  8,  12,  26  percent  of  those  moving  to  shelter. 

The  estimates  of  FS  for  both  programs  are  pertinent  for  the  calculation  of 
direct-effects  casualties.  Because  several  hours  of  warning  are  available  before 
arrival  of  fallout  in  Host  and  Neither  areas,  FS  was  reduced  to  the  5  percent 
judged  unwilling  to  take  shelter  in  any  event, for  the  calculation  of  radiation 
casualties  in  these  areas. 

Effectiveness  of  Improving  Blast  Posture  (AMLOP,  AMCOP) 

The  nature  of  this  PAM  calculation  was  explained  as  an  example  earlier  on. 

The  detailed  rationale  for  the  estimates  by  the  expert  panel  is  given  in  Appendix 
D.  Estimates  were  made  for  five  conditions:  Risk  areas  in-place  and  after 
relocation.  Host  areas  in-place  and  after  relocation,  and  Neither  areas.  The 
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esClmates  of  Che  fraction  of  those  In  public  shelter  actually  In  the 
protective  posture  after  completion  of  Program  D  Prime  were  highest  for 
the  Risk  population  In  place  —  48,  69,  94  percent.  The  effectiveness 
In  Host  and  Neither  areas  was  judged  somewhat  less.  The  performance  was 
least  (4,  8,  16  percent)  for  the  stayputs  In  the  Risk  areas  after  reloca¬ 
tion.  The  effectiveness  of  people  In  home  basements  In  adopting  the  blast 
protective  posture  was  found  to  be  about  the  same  as  for  the  public  shelter 
with  an  emergent  leader  (16,  35,  55  percent  for  the  Risk  areas  In  place). 

The  comparable  estimates  for  the  current  capability  were  based  on 
limited  availability  of  shelter  managers,  limited  shelter  communications, 
and  lower  relative  effectiveness  of  managers  and  emergent  leaders,  which 
led  to  estimates  that  5,  13,  22  percent  would  be  In  the  blast  protective 
posture  In  Risk  area  public  shelters  and  3,  9,  15  percent  elsewhere.  The 
estimates  for  people  In  home  basements  were  1,  4,  9  percent  In  Risk  areas 
and  1,  3,  6  percent  elsewhere. 

Fire  and  Rescue  Estimates  (FF,  FFSM.  and  FR) 

In  POPDEF,  survivors  In  each  shelter  class  are  partitioned  Into  those 
trapped  In  debris  and  those  not  trapped.  Those  trapped  must  be  rescued;  If 
not  rescued,  they  become  fatalities.  Those  not  trapped  survive  In  shelter 
unless  they  become  at  risk  from  fires  caused  by  detonations.  In  the  PAM 
model,  buildings  suffering  a  sustained  fire  are  assumed  to  be  consumed 
and  a  proportionate  number  of  people  forced  from  shelters  In  buildings. 
Thus,  the  fraction  forced  out  of  shelter  because  of  fire  (FF)  Is  equal  to 
the  fraction  of  buildings  burned.  Those  not  at  risk  (1  -  FF)  remain  In 
shelter.  Those  forced  out  of  shelter  may  become  fatalities  In  the  fire 
environment;  hence,  the  survival  fraction  (FFS)  Is  assessed  only  against 
those  forced  from  shelter  (FF) .  Buildings  are  burned  and  people  are  forced 
out  of  shelter  over  a  considerable  period  of  time  after  detonations  occur. 
The  model  provides  for  five  generations  of  fires.  The  calculation  of  the 
fraction  of  buildings  on  fire  In  the  several  fire  generations  Is  sensitive 
to  building  characteristics,  bulltupness  of  the  area,  and  proximity  to  the 
detonation.  Estimates  were  made  for  single-family  dwellings  and  "large" 
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buildings,  for  two  degrees  of  builtupness  and  for  three  overpressure  regions. 
The  results  were  weighted  by  the  approximate  fraction  of  survivors  In  each 
condition. 

The  detailed  rationale  for  the  estimates  Is  given  In  Appendix  E. 

Briefly,  the  assessment  of  low,  best,  and  high  values  of  the  fire 
characteristics,  assuming  no  fire  countermeasures,  was  made  by  Ruth  W. 

Shnlder  In  consultation  with  fire  researchers.  The  estimates  of  the 
effectiveness  of  fire  prevention  and  fire  suppression  measures  were  made 
by  an  operational  advisory  group.  In  general,  fire  prevention  measures 
during  the  crisis  were  found  to  be  more  productive  In  reducing  FF  than  were 
fire  suppression  efforts  after  attack.  Both  were  more  effective  In  the  2 
to  S-psl  region  than  In  regions  of  higher  overpressures.  Estimates  were 
made  for  the  Risk  areas  since  most  of  the  fire  effects  were  In  these  areas, 
but  the  estimates  were  Intended  to  apply  wherever  detonations  occurred. 
Estimates  of  FF  were  6,  12,  21  percent  of  those  In  home  basements  In  the 
In-place  mode  (slightly  higher  in  the  relocated  mode) ,  given  completion 
of  Program  D  Prime.  Comparable  estimates  for  large  building  basements 
were  3,  8,  17  percent  In  the  In-place  mode  and  3,  11,  22  percent  In  the 
relocated  mode.  Estimates  of  FFSM  were  near  unity  in  all  cases.  The 
calculations  Indicated  that  most  people  were  forced  from  shelter  in  the 
first  hour  or  so  after  detonations;  hence,  the  time  used  In  POPDEF  was 
taken  to  be  one  hour  (see  Table  1) . 

The  basis  for  estimating  the  fraction  rescued  was  found  to  be  virtually 
non-existent.  There  are  two  distinct  kinds  of  rescue  operations:  (1) 
Immediate  rescue,  and  (2)  reentry  rescue.  The  PAM  model  was  not  used  for 
lack  of  data.  Rather,  It  was  assumed  that  Immediate  rescue  would  be 
completely  Ineffective  and  that  reentry  rescue  would  be  completely  effec¬ 
tive  In  rescuing  those  not  lost  by  fire.  Hence,  FR  was  taken  to  be  1-FF. 

To  account  for  the  fact  that  the  trapped  survivors  would  be  located 
primarily  In  the  higher  overpressure  region  of  survival,  the  estimates 
of  FF  for  the  highest  overpressure  region  was  used.  Thus,  In  large  building 
basements,  FF  estimates  of  9,  21,  37  In-place  and  10,  25,  41  relocated  were 
used  rather  than  the  weighted  values  cited  above.  Since  all  rescue  was 
assumed  to  occur  upon  reentry,  the  time  of  rescue  was  estimated  to  be  48, 

90,  120  hours. 


The  calculations  required  to  estimate  FF  and  FFSM  are  not  only  complex 
but  also  extensive  because  of  the  various  conditions  that  are  considered  In 


the  model.  Hence,  only  example  calculations  are  Included  In  Appendix  E. 
Calculations  for  the  Current  Capability  Maintained  were  further  truncated  by 
analyzing  the  changed  estimates  for  one  major  shelter  type  In  the  5  to  9-psl 
region  of  heavy  bulltupness  and  applying  the  observed  ratio  to  the  Program  D 
Prime  results  In  all  other  cases. 

Effectiveness  of  Improving  Fallout  Posture  (FPF) 

The  POPDEF  Input  parameter  FPF  Is  the  fraction  of  the  surviving  shelter 
population  that  find  and  remain  In  the  best-protected  parts  of  the  shelter 
after  fallout  arrival.  The  calculation  In  the  PAM  model  Is  similar  to  the 
AMLOP  example  used  In  this  section  except  that  the  opt 'atlon  occurs  after 
attack  and  that  radiation  measurements  play  an  Important  role  In  success.  The 
detailed  rationale  for  the  estimates  Is  given  In  Appendix  F.  The  results  are 
generally  similar  to  those  for  the  blast  protective  posture.  After  completion 
of  Program  D  Prime,  the  highest  effectiveness  Is  found  In  the  Host  areas  after 
relocation  where  56,  80,  98  percent  of  the  population  In  public  shelters  are  In 
the  fallout  protective  posture  and  9,  23,  54  percent  of  people  In  home  basements 
are  In  this  condition.  The  lowest  estimates  for  Program  0  Prime  are  In  the  Risk 
areas  after  relocation  (1,  4,  12  percent  in  public  shelter  and  1,  5,  15  percent 
In  home  basements) .  Results  for  the  current  capability  are  much  reduced  for 
reasons  similar  to  those  discussed  In  connection  with  the  blast  protective 
posture.  The  best  estimate  Is  about  20  percent  in  public  shelters  and  2 
percent  In  home  basements. 

Effectiveness  of  Remedial  Movement  (FFR,  FRR,  etc.) 

F(X)R,  where  the  middle  code  letter  defines  the  event  requiring  emergence 
from  shelter,  is  used  In  POPDEF  to  specify  the  fraction  of  the  affected  shelter 
population  that  are  afforded  remedial  radiological  measures  after  emerging  from 
shelter.  These  measures  could  Include  transfer  to  another  shelter  In  the 
vicinity,  decontamination  of  a  housing  facility  and  Its  surroundings,  or 
remedial  evacuation  from  areas  of  high  fallout  hazard  to  areas  of  order-of- 
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magnltude  lower  hazard.  The  PAM  model  calculations  are  based  on  the  latter, 
remedial  movement,  as  the  most  generally  applicable  measure.  In  POPDEF,  the 
fractions  defined  by  the  estimates  of  FFR,  FRR,  etc.,  are  assumed  to  be  moved 
to  an  order-of-magnltude  lower  hazard  area  where  an  average  PF  5  Is  available. 

Since  the  calculation  Is  actually  made  using  the  ERD  at  the  place  of  sheltering, 
a  PF  of  50  results.  The  remedial  movement  Is  assumed  to  require  4  hours  In 
vehicles  providing  a  PF  of  2.  In  the  calculation  of  effective  PF  for  use  In  the 
radiation  casualty  estimation  process,  those  not  provided  remedial  radiological 
measures  (1  -  FFR,  etc.)  are  assumed  to  be  housed  at  a  PF  of  5  In  the  vicinity 
of  the  sheltering  location. 

In  the  PAM  model,  a  remedial  movement  can  be  conducted  (1)  by  organized 
task  forces  from  the  low-hazard  areas  that  bring  "buses  to  the  shelter  door", 

(2)  by  shelter  managers  using  vehicles  in  the  shelter  vicinity  with  or  without 
guidance  from  D  &  C,  and  (3)  by  emergent  shelter  leaders  in  a  similar  fashion. 
Radiation  measurement  capability  and  acquired  knowledge  of  the  fallout  situation 
over  distances  of  100  miles  or  more  as  well  as  ability  to  organize  the  movement 
logistics  play  Important  roles  In  the  calculation. 

The  detailed  rationale  for  the  estimates  of  the  effectiveness  of  remedial 
movement  is  given  In  Appendix  G.  In  brief,  the  expert  panel  concluded  that  the 
likelihood  of  successful  remedial  movement  would  Increase  as  the  time  after 
attack  Increased  because  knowledge  of  the  fallout  situation  and  other  conditions 
would  Improve  daily  and  the  ability  to  organize  would  also  Improve.  Hence, 
estimates  were  made  for  four  periods  after  attack:  (1)  within  the  first  day  — 
those  forced  out  by  fire  and  those  rescued  immediately,  (2)  around  two  days  after 
attack  —  those  forced  out  by  lack  of  drinking  water  and  those  rescued  by 
reentrant  forces,  (3)  from  3  to  6  days  after  attack  —  those  forced  out  by  lack 
of  sufficient  ventilation,  and  (4)  from  1  to  2  weeks  after  attack  --  those 
leaving  shelter  at  the  end  of  a  nominal  shelter  stay.  The  panel  also  distinguished 
the  problem  of  remedial  measures  for  those  originating  In  damaged  areas  from  the 
problem  for  those  originating  In  undamaged  areas  and  were  quite  pessimistic  about 
operations  In  damaged  areas  even  a  week  or  so  after  attack.  The  PAM  calculation 
provides  for  estimates  of  the  maximum  fraction  who  could  be  relocated  In  good 
weather  and  estimates  of  the  effect  of  adverse  weather. 
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The  estimates  for  the  Immediate  period  of  less  than  one  day  were  confined 
to  the  damaged  areas  (FFR  and  FRR) .  Remedial  movement  from  public  shelters 
with  the  population  in-place  was  calculated  to  be  3,  13,  30  percent  and  from 
home  basements,  1,  5,  12  percent.  In  the  relocated  mode,  remedial  movement  in 
damaged  areas  was  found  to  be  negligible  (zero  except  for  4  percent  from  public 
shelters  and  1  percent  from  home  basements  in  the  high  estimate) . 

For  the  early  period  of  about  two  days  after  attack,  remedial  movement 
from  public  shelters  in  the  damaged  areas  was  found  to  be  8,  21,  40  percent  in 
the  in-place  mode  and  zero,  2,  4  percent  in  the  relocated  mode.  Comparable 
estimates  for  movement  from  home  basements  were  4,  11,  21  percent  and  zero,  1, 

2  percent.  In  undamaged  areas,  remedial  movement  from  public  shelters  was 
found  to  be  successful  for  42,  65,  84  percent  in  the  in-place  mode  and  44,  64, 

83  percent  in  the  Host  areas  after  relocation  and  in  Neither  areas.  Comparable 
results  for  remedial  movement  from  home  basements  were  10,  22,  35  percent  and 

11,  22,  34  percent. 

0 

Estimates  for  the  delayed  period  of  from  3  to  6  days  in  damaged  areas  were 
10,  22,  41  percent  in  the  in-place  mode  and  1,  2,  5  percent  in  the  relocated 
mode  for  public  shelters.  In  undamaged  areas,  the  estimates  were  56,  78,  91 
percent  in  the  in-place  Host  areas  and  61,  87,  93  percent  after  relocation.  In 
undamaged  Neither  areas,  the  estimates  were  50,  74,  91  percent.  (People  in  home 
basements  are  not  forced  out  because  of  Inadequate  ventilation.) 

In  the  emergence  period,  the  calculations  for  damaged  areas  found  remedial 
movement  from  public  shelters  successful  for  10,  22,  43  percent  in  the  in-place 
mode  and  1,  2,  5  percent  in  the  relocated  mode.  Comparable  results  for  home 
basements  were  5,  13,  22  percent  and  zero,  1,  4  percent.  In  undamaged  areas  in 
the  in-place  mode,  the  estimates  were  56,  78,  91  percent  from  public  shelters 
and  20,  37,  60  percent  from  home  basements.  In  the  Host  areas  after  relocation, 
the  estimates  were  61,  82,  93  percent  for  remedial  movement  from  public  shelters 
and  27,  50,  69  percent  from  home  basements.  In  Neither  areas,  comparable 
estimates  were  50,  74,  91  percent  and  14,  36,  59  percent. 
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All  of  the  foregoing  estimates  were  made  on  the  basis  of  complete 
deployment  of  Program  D  Prime.  Estimates  also  were  made  for  the  current 
capability  In  the  In-place  mode.  The  calculations  for  the  Immediate  period 
produced  estimates  of  successful  remedial  movement  In  damaged  areas  of  1,  2, 

9  percent  from  public  shelters  and  1,  2,  5  percent  from  home  basements.  In 
the  early  period,  comparable  estimates  were  1,  4,  12  percent  and  1,  2,  5  percent; 

In  the  delayed  period,  1,  5,  12  percent  from  public  shelters;  In  the  emergence 
period,  2,  5,  12  percent  from  public  shelters  and  1,  2,  4  percent  from  home 
basements.  In  undamaged  areas,  the  estimates  for  the  early  period  were  2,  8, 

16  percent  from  public  shelters  and  Che  same  from  home  basements;  for  Che 
delayed  period,  4,  10,  13  percent  from  public  shelters;  for  the  emergence  period, 

4,  10,  13  percent. 

The  estimates  summarized  above  for  FOR,  FS,  FE,  AMLOP,  AMCOP,  FF,  FFSM,  FR, 
FPF,  and  F(X)R  were  made  by  means  of  the  PAM  model.  Because  Input  estimates 
were  made  for  numerous  contributing  elements.  It  was  concluded  that  the  normal 
or  "default"  distribution  between  the  resulting  low  and  high  estimates  of  the 
POPDEF  Input  parameters  should  be  used  In  the  MCPOPDEF  version.  The  estimates 
of  other  POPDEF  Input  parameters  were  technical  estimates  for  which  estimates  of 
the  probability  distribution  were  often  made.  These  estimates  are  discussed  below. 

Shelter  Allocation  (FA) 

A  key  Input  parameter  to  POPDEF  Is  the  fraction  of  Che  population  In  Risk, 
Host,  and  Neither  areas  assigned  to  Che  various  shelter  classes  (FA).  These 
assignments  can  be  determined  by  matching  people  to  available  shelter  according 
to  prlorlty-of-use  rules  unit-area  by  unit-area  In  the  TENDS  model  and 
aggregating  the  results  for  each  region.  However,  geographic  data  on  shelter 
availability  Is  limited  to  Che  current  National  Shelter  Survey  (NSS)  Inventory, 
which  Is  applicable  directly  only  to  Che  Current  Capability  Maintained  program. 

For  Program  D  Prime,  It  was  necessary  to  project  the  people-matching  process  to 
program  completion  by  using  the  current  data  base,  estimates  of  the  shelter  to 
be  produced  by  future  surveys  and  shelter  development  plans,  and  the  concept  of 
relative  shelter  availability.  The  detailed  rationale  for  the  resulting 
estimates  Is  given  In  Appendix  H. 
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For  Program  D  Prime,  low,  best,  and  high  estimates  of  FA  for  Risk,  Host, 
and  Neither  areas  were  made  for  two  conditions:  (1)  the  best  estimate  of 
spontaneous  evacuation  In  a  crisis  —  27  percent,  and  (2)  the  best  estimate 
of  ordered  relocation  —  77  percent.  The  FA  estimates  were  projected  from  TENDS 
model  calculations  using  the  current  NSS  Inventory  matched  to  1975  population 
at  10  percent  and  80  percent  evacuation  levels  and  a  TENDS  calculation  using 
the  current  NSS  Inventory  with  below-ground  space  expanded  by  a  factor  of  1.85 
and  at  the  10  percent  evacuation  level.  These  calculated  results  from  the  TENDS 
unit-area  model  permitted  estimates  of  FA  for  an  expanded  future  shelter  Inventory 
by  use  of  the  concept  of  relative  shelter  availability.  In  Risk  areas,  for 
example,  people-matching  results  were  available  for  the  situation  in  which  90 
percent  of  the  Risk  population  remained  (10  percent  evacuation)  and  for  the 
situation  In  which  only  20  percent  remained  (80  percent  evacuation) .  The  fraction 
assigned  to  the  best  shelter  In  the  former  case  was  lower  than  In  the  latter  case 
because  there  were  far  more  people  (4.5  times  as  many)  competing  for  the 
available  shelter.  The  concept  of  relative  shelter  availability  holds  that 
reducing  the  population  competing  for  allocation  to  shelter  by  some  factor 
produces  the  same  allocation  as  would  be  obtained  by  Increasing  the  available 
shelter  for  the  original  population  by  the  same  factor.  Thus,  the  results  obtained 
for  two  evacuation  assumptions  are  equivalent  to  results  for  two  levels  of  shelter 
availability.  When  combined  with  the  one  calculation  In  which  the  amount  of  the 
best  shelter  was  Increased  by  a  factor  of  1.85,  equations  for  FA  as  a  function  of 
relative  shelter  availability  were  formulated  for  the  best  shelter  classes. 

Several  adjustments  were  made  In  shelter  availability  for  the  Program  D  Prime 
projections.  First,  all  below-ground  spaces  In  the  NSS  Inventory  are  undercounted 
because,  rather  than  an  allocation  of  10  square  feet  (0.93  square  meters)  per 
person,  the  spaces  available  have  been  reduced  to  account  for  ventilation  limitations. 
This  is  Incompatible  with  POPDEF,  in  which  people  are  forced  out  of  shelter  by 
Inadequate  ventilation,  and  with  Program  D  Prime,  which  provides  ventilation  devices. 
The  adjustment  factor  is  the  factor  of  1.85  referred  to  above.  Second,  the  continued 


Host  Area  Survey  in  Program  D  Prime  is  expected  to  increase  the  shelter  space 
available  in  Host  and  Neither  areas  by  a  factor  of  1.40,  based  on  survey 
results  to  date.  Third,  space  in  mines  is  estimated  to  be  undercounted  in 
the  current  inventory  by  a  factor  of  7.  Finally,  it  is  possible  to  Increase 
shelter  availability  by  reducing  the  current  allotment  of  10  square  feet  per 
person  to  6  square  feet  (0.56  square  meters). 

The  Program  D  Prime  "best"  estimate  of  FA  for  the  Risk  population  in-place 
(27  percent  spontaneous  relocation)  assumed  that  half  of  the  planned  key-worker 
shelter  was  available,  that  the  NSS  Inventory  relative  to  population  was  not 
increased  by  the  all-effects  survey  of  Program  D  Prime,  that  the  ventilation 
reduction  was  corrected,  and  that  available  public  shelter  was  assigned  at  6 
square  feet  per  person  since  no  crisis  shelter  production  is  planned  for  Risk 
areas  in  Program  D  Prime.  Priority  of  use  in  Risk  areas  was  on  the  basis  of 
best  blast  protection  as  revealed  by  the  all-effects  survey  of  Program  D  Prime. 

In  Host  areas,  the  Program  D  Prime  best  estimate  for  the  in-place  mode 
assumed  that  priority  of  use  would  be  based  on  best  fallout  protection,  that 
the  ventilation  reduction  was  corrected,  and  that  the  host  area  survey  was 
completed.  The  population  fraction  for  which  shelter  was  unavailable  was 
assigned  to  the  upgraded  fallout  shelter  planned  in  Program  D  Prime.  In  Neither 
areas,  the  best  estimate  assumes  only  the  correction  for  the  ventilation 
reduction  and  production  of  upgraded  fallout  shelter  for  the  small  unasslgned 
population  fraction.  The  resulting  allocation  is  shown  in  Table  H-4  of  Appendix  H. 

In  the  relocated  mode  (77  percent  relocation) ,  the  assignment  in  Risk  Areas 
assumed  that  all  key  workers  were  provided  the  shelter  planned  in  Program  D  Prime 
and  that  the  remaining  population  would  have  the  same  CSP  allocation  as  in  the 
in-place  mode;  that  is,  no  advantage  was  taken  of  the  reduced  competition  for 
available  shelter.  The  assumptions  in  the  Host  areas  after  relocation  were  the 
same  as  for  the  in-place  mode.  The  resulting  allocation  is  shown  in  Table  H-5 
of  Appendix  H. 
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The  high  estimates  of  FA  for  Program  D  Prime  are  modifications  of  the 
best  estimates  to  reflect  a  more  optimistic  view  of  the  results  of  deplo3rment 
of  Program  0  Prime.  The  changed  assumptions  were  (1)  that  a  resurvey  of  mine 
space  would  Increase  its  availability  by  a  factor  of  7,  (2)  that  the  Host  Area 
Survey  would  be  conducted  in  the  Neither  areas  as  well,  (3)  that  expedient 
shelters  would  be  constructed  during  the  surge  period  in  both  Risk  and  Neither 
areas,  and  (4)  that  home  basements  would  not  be  used  in  Neither  areas  because 
of  the  prospective  high  radiation  levels.  Because  of  the  nature  of  these 
assumptions,  the  expert  panel  judged  that  the  high  estimates  of  FA  should  be 
chosen  in  only  S  percent  of  the  MCPOPDEF  runs.  The  resulting  allocations  are 
shown  in  Tables  H-6  and  H-7  of  Appendix  H. 

The  low  estimates  for  Program  D  Prime  are  identical  to  the  best  estimates 
except  that  it  was  assumed  that  only  80  percent  of  the  needed  upgraded  fallout 
shelter  was  produced  because  of  winter  conditions.  The  expert  panel  judged  that 
the  low  estimates  should  be  chosen  in  20  percent  of  the  runs.  Coupled  with  the 
assignment  of  a  probability  of  5  percent  “to  the  high  estimate,  this  judgment  meant 
that  the  best  estimate  would  be  chosen  in  75  percent  of  the  runs. 

The  expert  panel  prepared  a  single  estimate  of  the  shelter  allocation  for 
the  current  capability,  which  was  used  in  all  MCPOPDEF  runs.  The  estimate  was 
the  result  of  a  TENOS  model  calculation  in  which  it  was  assumed  that  (1)  people 
with  home  basements  used  them  rather  than  public  shelter,  (2)  three-quarters  of 
the  current  NSS  Inventory  was  actually  available  for  assignment  in  a  crisis,  and 
(3)  ten  percent  of  those  unasslgned  to  shelter  would  upgrade  the  protection  in 
their  residences  on  the  basis  of  advice  provided  during  the  surge  period.  The 
resulting  allocation  is  shown  in  Table  H-10  of  Appendix  H.  Because  the  all¬ 
effects  survey  of  Program  D  Prime  was  not  assumed,  there  are  only  five  shelter 
categories:  (1)  at  random  in  residences,  (2)  home  basements,  (3)  below-ground 
NSS  space,  (4)  above-ground  NSS  space,  and  (5)  upgraded  residences. 
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Rated  Shelter  Characteristics 

The  Program  D  Prime  shelter  classes  used  In  MCPOPDEF  are  based  on 
the  blast-resistance  categories  shown  in  Table  5.  Categories  of  similar 
protective  characteristics,  such  as  B  and  C,  are  grouped  together  to  form  a 
shelter  class.  The  estimates  of  the  POPDEF  input  parameters  that  define  the 
protective  characteristics  of  each  class  are  summarized  in  Table  6. 

The  estimates  of  the  rated  characteristics  of  the  five  shelter 
categories  ascribed  to  the  current  capability  are  summarized  in  Table  7. 

The  distributions  used  in  MCPOPDEF  for  the  variable  estimates  and  the  basis 
for  the  estimates  are  described  in  Appendix  I. 

In  addition  to  the  shelter  protective  characteristics.  Appendix  I 
documents  the  estimates  of  MLOP  and  MCOP  for  persons  in  the  open.  The  estimates 
were  2,  3,  6  psl  for  MLOP  and  1,  2,  2  psi  for  MCOP. 

Estimates  of  Entrapment  (MTOP  and  FTU) 

The  rationale  for  the  estimates  of  entrapment  will  be  found  in 
Appendix  J.  The  data  on  which  to  base  such  estimates  are  extremely  sparse. 

The  analysis  suggests  that  the  ratio  of  those  trapped  to  those  killed  is  nearly 
constant  over  the  blast  overpressure  range  of  interest.  Using  a  ratio  of  two- 
thirds,  estimates  of  the  POPDEF  input  parameters  MTOP  and  FTU  are  presented  in 
Appendix  J.  The  estimates  of  MTOP  are  generalized  into  a  single  estimate  of 
0.88  MLOP  for  each  shelter  class.  The  estimate  of  FTU  for  each  shelter  class 
is  the  last  entry  in  Tables  6  and  7.  The  paucity  of  data  did  not  permit 
estimates  of  the  range  of  uncertainty. 

Lack  of  Water  and  Ventilation  (FW  and  FV) 

The  basis  for  the  estimates  of  the  fractions  forced  out  of  shelter 
because  of  lack  of  drinking  water  or  adequate  ventilation  is  presented  in 


Preference 


NOTE: 


Table  5 


RELATIVE  BLAST  PROTECTION  CODES* 


Description 


Subway  stations,  tunnels,  mines,  and  caves  with  lairge  volume 
relative  to  entrances. 

Basements  and  sub-basements  of  massive  (monumental)  masonry 
buildings. 

Basements  and  sub-basements  of  large,  fully  engineered 
structures  having  any  floor  system  over  the  basement  other 
than  wood,  concrete  flat  plate,  or  band  beam  support. 

Basements  of  wood  frame  and  brick  veneer  structures  Including 
residences. 

First  three  stories  of  buildings  with  "strong"  walls,  less 
than  ten  aboveground  stories,  and  less  than  50%  apertures. 

Fourth  through  nlnch  stories  of  buildings  with  "strong" 
walls,  less  than  ten  aboveground  stories,  and  less  than 
50%  apertures.  , 

Basements  and  sub-basements  of  buildings  with  a  flat  plate 
or  band  beam  supported  floor  system  over  the  basement. 

First  three  stories  of  buildings  with  "strong"  walls,  less 
than  ten  aboveground  stories,  and  greater  than  50%  apertures, 
or  first  three  stories  of  buildings  with  "weak"  walls  and 
less  than  ten  aboveground  stories. 

All  aboveground  stories  of  buildings  having  ten  or  more 
stories.  Fourth  through  ninth  stories  of  buildings  having 
"weak"  walls. 

For  the  above  description,  load  bearing  walls  are  considered 
as  "weak"  walls. 

*  Taken  from  DCPA  Attack  Environment  Manual,  Chapter  2, 
as  revised  November  1974. 


PROGRAM  D  PRIME  SHELTER  CHARACTERISTICS 


Table  7 


SHELTER  CHARACTERISTICS  FOR  CURRENT  CAPABILITY 


Belowground 

Aboveground 

Upgraded 

Input 

Parameter 

NSS  Space 

MSS  Space 

Residence 

MLOP 

(Best) 

7 

5 

5 

(psi) 

(Low) 

6 

3 

3 

(High) 

8 

7 

7 

MCOP 

(Best) 

4 

2 

2 

(psi) 

(Low) 

3 

2 

2 

(High) 

5 

2 

2 

PF 

(Best) 

100 

70 

50 

(Low) 

30 

30 

50 

(High) 

500 

100 

50 

AMLOP’ 

'  (Best) 

0.4 

0.1 

(Low) 

0.3 

0.1 

- 

(High) 

0.5 

0.1 

- 

AMCOP ' 

(Best) 

0.4 

1.0 

(Low) 

0.3 

1.0 

- 

(High) 

0.5 

1.0 

- 
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Appendlx  K.  Briefly,  the  availability  of  drinking  water  depends  in  part  on 
whether  blast  effects  occur  that  damage  local  water  systems  and  tanks  and 
containers  in  the  shelters.  This  level  of  blast  effects  is  taken  to  be  4 
psi.  Above  this  level,  all  survivors  are  forced  from  shelter  several  days 
after  detonations  except  for  the  very  strong  Class  Y  key-worker  shelters. 

At  overpressures  less  than  4  psi,  all  persons  in  residences  (At  Random  and 
Home  Basements)  and  in  key-worker  shelters  are  assumed  to  have  sufficient 
water  (FW  =  0).  Half  of  the  population  in  public  shelters  are  judged  to  have 
sufficient  water  in  tanks  or  gravity-fed  local  water  systems  (FU  “  0.5),  unless 
water  containers  are  provided  by  the  civil  defense  program  for  the  remainder. 

The  ventilation  problem  is  a  seasonal  one  and  exists  only  in  belowground 
shelter  areas.  Upgraded  fallout  shelters  (Class  XU)  were  judged  to  behave  as 
if  they  were  belowground.  Unless  ventilation  devices  are  provided  in  the 
civil  defense  program,  all  sheltered  in  belowground  areas  are  forced  from 
shelter  several  days  after  attack  except  in  Class  Y  key-worker  shelters,  which 
were  assumed  to  be  provided  with  ventilation. 

The  time  after  detonation  at  which  shelter  leaving  takes  place  has  been 
estimated  by  a  climatological  analysis  summarized  in  Appendix  K. 


-  4* 
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IV.  INITIAL  RESULTS  AND  EVALUATION 

The  MCFOPDEF  version  of  the  population  defense  model,  together  with  the 
estimates  of  the  uncertainty  in  the  POPDEF  Input  parameters  described  In  the 
previous  section,  permits  the  assessment  of  the  expected  number  of  casualties 
from  hypothetical  nuclear  attacks  and  the  variability  In  outcomes  caused  by 
the  estimated  uncertainties.  The  distribution  of  outcomes  also  allows  one 
to  attach  confidence  limits  to  the  results. 

As  noted  in  the  Limitations  section  of  the  Introduction  to  this  report, 
the  use  of  means  and  confidence  limits  may  give  an  Illusion  of  unwarranted 
precision.  The  population  defense  model  (POPDEF)  and  the  program  analysis 
model  (PAM)  are  believed  to  be  significant  Improvements  In  the  means  available 
to  assess  the  performance  of  civil  defense  programs  and  the  survival  of  the 
population  under  nuclear  attack.  Nonetheless,  these  models  are  Incomplete  In 
some  respects  and  are  subject  to  further  Improvement  In  the  future.  The 
Monte  Carlo  version  of  the  population  defense  model  offers  further  improvement 
In  assessment  methodology  by  allowing  uncertainties  of  various  kinds  to  be 
accounted  for  In  the  evaluation  of  outcomes.  MCFOPDEF  Is  also  Incomplete  In 
this  respect  and  undoubtedly  will  be  Improved  further  In  the  future.  The 
uncertainty  estimates  made  by  the  expert  panels  provide  an  excellent  Initial 
basis  for  the  evaluation  of  potential  program  performances.  Yet,  many  of  the 
estimates  are  based  on  limited  knowledge  and  data.  All  should  undergo  critical' 
review;  all  offer  a  fertile  field  for  research  and  operational  data-gathering. 
Therefore,  the  initial  results  presented  in  this  section  should  be  recognized 
as  a  significant  step  forward  in  a  difficult  field  of  analysis  but  hardly  the 
ultimate  prediction  of  survival  under  nuclear  attack.  In  particular,  the 
Initial  results  are  most  useful  in  assessing  the  relative  performance  of  pro¬ 
grams  or  program  elements  rather  than  Indicating  absolute  performance. 
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It  should  also  be  noted  that  exercise  of  the  computer  program  since  the 
publication  of  the  companion  report  referenced  in  the  Introduction  has  disclosed 
some  input  transcription  errors  and  computational  inaccuracies  that  have  now 
been  corrected.  Because  of  this,  the  preliminary  results  exhibited  in  the  June 
report  tend  to  underestimate  the  survivors  by  a  few  percentage  points  for  all 
programs  and  attacks  considered.  The  relative  performances  of  programs,  which 
were  based  on  the  best  estimates  documented  in  the  Appendices  to  this  report, 
are  virtually  unchanged. 

Assumed  Design-Level  Attacks 

The  performances  of  the  two  civil  defense  programs  described  in  Section  III 
—  Program  D  Prime  and  Papar  Plans  Only  —  were  assessed  for  two  hypothetical 
nuclear  attacks.  Both  are  large-scale  attacks  aimed  at  military  and  urban- 
industrial  targets  in  the  continental  United  States.  Both  employ  surface 
detonations  and  average  October  winds  for  determination  of  fallout  levels  in 
the  TENOS  model.  Attack  A  is  based  on  a  largely  unMlRVed  SALT-limited  Soviet 
threat  that  was  used  to  generate  the  risk  areas  defined  in  DCPA  TR-82*.  It 
places  about  55  percent  of  the  resident  population  in  the  direct-effects 
region  of  detonations.  Attack  B  is  substantially  larger  than  Attack  A  and 
is  based  on  a  highly  MIRVed  Soviet  threat.  It  places  about  65  percent  of 
the  resident  population  in  the  direct-effects  region  of  detonations. 

Attack  environment  matrices  similar  to  that  in  Table  2  were  produced 
for  the  Risk,  Host,  and  Neither  areas  defined  in  TR-82  by  aggregation  of  the 
TENOS  model  results  at  the  unit-area  level  of  detail.  For  each  attack. 


* 

TR-82,  High  Risk  Areas  for  Civil  Preparedness  Nuclear  Defense  Planning 
Purposes,  Defense  Civil  Preparedness  Agency  (April  1975) . 
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matrlces  were  generated  that  took  Into  account  the  amount  of  spontaneous 
evacuation  or  ordered  relocation  attributed  to  the  civil  defense  program 
being  assessed.  For  use  In  MCPOFDEF  where  FCR  Is  a  variable  quantity  between 
the  low  and  high  estimates,  the  matrices  were  produced  for  the  best  estimate. 
This  adjustment  affects  only  the  distribution  of  the  population  with  attack 
effects  In  Host  areas. 

The  MCPOPDEF  Results 

The  Input  and  output  formats  for  the  MCPOPDEF  computational  program  are 
shown  In  Appendix  A.  The  Input  Information  Is  In  two  parts.  The  first  part 
contains  the  attack  environment  matrices  to  be  used  In  the  calculation.  These 
matrices  assume  the  best  estimate  of  population  relocation  (FCR).  The  second 
part  of  the  Input  defines  the  distribution  of  the  POPDEF  Input  variables  for 
the  civil  defense  program  being  evaluated. 

The  results  of  the  calculations  are  printed  out  In  the  form  of  summaries 
for  the  total  U.S.  and  for  the  Risk,  Host,  and  Neither  areas.  A  sample  of  the 
national  summary  Is  shown  In  Table  8.  Four  tables  are  displayed.  The  upper 
two  show  total  survivors  and  those  uninjured  by  fallout  radiation  among  those 
forced  from  shelter  during  each  of  the  post-detonation  events  In  the  scenario. 
The  values  In  the  tables  are  mean  or  expected  survivors  from  the  number  of 
(tonte  Carlo  cycles  performed  (100  In  this  example)  In  millions  of  people. 

The  results  at  each  stage  of  the  scenario  are  exhibited  separately  for  those 
who  are  afforded  remedial  radiological  measures  upon  shelter-leaving  and  for 
those  who  are  not.  Within  these  categories,  results  are  given  separately  for 
those  uninjured  by  direct  weapons  effects  (MU)  and  those  who  have  been  Injured 
(MI) .  These  results  are  useful  In  the  analysis  of  the  potential  contribution 
to  survival  of  changes  In  various  elements  of  a  candidate  civil  defense  program. 


Table  8 


EXAMPLE  MCPOPDEF  OUTPUT  LISTING 


TOTAL  UNITED  STATES  POPULATION  -  211.774 


TOTAL  SURVIVORS 


REMEDIAL 

NON-REMEDIAL 

•11 

MU 

MI 

Rescue 

.059 

.038 

.070 

1.496 

Fire 

.002 

.002 

.292 

.162 

Water 

.439 

.002 

.657 

.051 

Vent 

.744 

.019 

2.120 

.568 

Emergence 

101.365 

.157 

44.358 

5.754 

SUBTOTAL 

102.611 

.217 

47.498 

8.032 

RADIATION  UNINJURED 


REMEDIAL 

NON-REMEDIAL 

MU 

MI 

MU 

Rescue 

.056 

.034 

.054 

1.074 

Fire 

.002 

.001 

.189 

.103 

Water 

.362 

.001 

.471 

.034 

Vent 

.676 

.018 

1.655 

.428 

Emergence 

96.397 

.138 

36.784 

4.366 

SUBTOTAL 

97.492 

.192 

39.153 

6.005 

ULTIMATE  SURVIVORS 


MEAN 

STDV 

NOT  INJURED 

136.645 

6.563 

BLAST  INJURED 

6.197 

.768 

RADIATION  INJURED 

13.463 

1.664 

BLAST  RADIATION  INJURED 

2.052 

.267 

TOTAL 

FATALITIES 

158.357 

5.670 

MEAN 

STDV 

BLAST 

32.121 

4.271 

RADIATION 

20.905 

3.063 

OTHER 

.391 

.092 

TOTAL 


53.417 


5.670 


The  two  lower  tables  summarize  the  results  in  terms  of  mean  survivors 
and  fatalities  and  provide,  in  addition,  a  measure  of  the  variability  of  the 
results  in  the  form  of  an  estimate  of  the  standard  deviation  (STDV)  from  the 
mean  of  the  individual  outcomes  of  the  Monte  Carlo  runs.  Again,  all  tabulated 
values  are  in  millions  of  people.  The  number  of  survivors  and  the  number  of 
fatalities  add  up,  of  course,  to  the  total  population  and  their  standard 
deviations  are  identical.  The  tabulation  of  means  under  "Ultimate  Survivors" 
is  related  to  the  two  upper  tables.  Those  not  injured  are  the  sum  of  the  MU 
columns  in  the  "Radiation  Uninjured"  table.  The  blast  Injured  are  equal  to 
the  sum  of  the  MI  columns  in  the  same  tabulation.  The  radiation  injured 
entry  refers  to  those  Injured  by  radiation  only  and,  hence,  is  equal  to  the 
sum  of  the  differences  in  the  MU  columns  of  the  upper  two  tables.  The  entry 
for  those  injured  by  both  blast  and  radiation  is  equal  to  the  sum  of  the 
differences  in  the  MI  columns.  The  total  ultimate  survivors  are  equal  to 
the  sum  of  the  four  columns  of  the  uppermost  tabulation. 

By  dividing  any  of  the  population  values  in  the  output  listing  by  the 
population  listed  in  the  heading,  the  results  can  be  converted  to  population 
fractions  and,  multiplying  by  100,  to  percent  of  the  population.  This 
measure  is  often  more  useful  than  the  population  values  themselves.  In  the 
example  of  Table  8,  the  ultimate  survivors  comprise  about  75  percent  of  the 
population  and  of  these,  about  87  percent  (two-thirds  of  the  total  population) 
are  uninjured.  Although  total  survivorship  has  been  the  primary  measure  of 
the  effectiveness  of  candidate  civil  defense  programs  in  the  past,  there  is 
strong  justification  for  the  choice  of  uninjured  survivors  as  the  main 
criterion  to  the  extent  that  postattack  recovery  prospects  are  an  important 
consideration.  The  proportion  of  uninjured  survivors  is  a  basic  measure  of 
the  potential  postattack  work  force,  which,  in  turn,  has  a  major  Impact  on 
recovery  capabilities.  Injured  survivors,  on  the  other  hand,  represent  a 
pressing  demand  on  the  uninjured  survivors  that  detracts  from  recovery  efforts. 
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Hence,  the  ratio  of  uninjured  survivors  to  injured  survivors  is  another 
important  measure  of  effectiveness  for  the  evaluation  of  civil  defense 
programs  and  program  elements.  In  Table  8,  the  results,  which  are  for 
Program  D  Prime  in  the  relocated  mode  under  the  heavier  attack.  Attack  B, 
indicate  an  uninjured/ injured  survivor  ratio  of  nearly  7  to  1. 

The  initial  MCPOPDEF  results  for  the  two  candidate  programs,  D  Prime 
and  Paper  Plans  Only,  under  the  two  assumed  attacks  are  presented  in  Table 
9.  Each  program  has  been  assessed  under  three  conditions:  (1)  assuming  no 
Presidential  relocation  order  (spontaneous  evacuation  only),  (2)  assuming  a 
Presidential  order  to  relocate,  and  (3)  a  test  case  in  which  each  program 
is  assessed  at  the  relocation  performance  (FCR)  of  the  other  program.  The 
term,  "test  case",  is  used  here  whenever  one  or  more  MCPOPDEF  input  parameter 
distributions  for  a  given  program  are  adjusted  arbitrarily  to  match  those  of 
another  program  in  order  to  evaluate  the  change  in  survival  due  to  the 
remaining  differences  in  the  two  programs.  It  is  Important  to  distinguish 
between  programs  and  test  cases  since  the  latter  are  often  not  realizable 
in  terms  of  defined  program  elements  and  costs. 

In  Table  9,  the  survival  outcomes  (both  total  and  uninjured)  represent 
the  mean  or  average  survival  for  100  cycles  plus  or  minus  the  standard 
deviation  from  the  mean  of  the  individual  cycle  outcomes,  all  in  percent  of 
the  total  population.  The  fraction  of  the  Risk  population  that  is  assumed 
to  be  relocated  in  the  Host  areas  at  the  time  of  attack  (FCR)  is  an  Important 
variable  contributing  to  survival.  The  estimated  distribution  for  this 
parameter  is  sampled  in  the  Monte  Carlo  run;  therefore,  the  mean  FCR  varies 
somewhat  from  run  to  run  and  from  the  best  estimate,  as  indicated  in  the  table. 
VThere  the  best  estimate  is  about  midway  between  the  low  and  high  estimates,  the 
mean  FCR  is  close  to  the  best  estimate.  In  the  case  of  Program  D  Prime 
Relocated  (and,  therefore,  in  Test  Case  1,  which  is  the  Paper  Plans  Only  program 
arbitrarily  set  at  the  Program  D  Prime  FCR) ,  the  best  estimate  (77  percent) 
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is  much  closer  to  the  high  estimate  (87  percent)  than  It  is  to  the  low 
estimate  (58  percent).  Hence,  the  mean  FCR  is  consistently  lower  than  the 
best  estimate. 

Relative  Program  Effectiveness 

A  preliminary  evaluation  of  relative  program  effectiveness  can  be  made 
from  the  data  on  average  survivors  given  in  Table  9. 

Compared  to  the  current  capability  (Paper  Plans  Only  in-place) ,  Program  D 
Prime  after  relocation  adds  about  one— third  of  the  total  population  as  survivors 
under  both  attacks.  Paper  Plans  Only  after  relocation  adds  about  8  percent 
survivors  under  Attack  A  and  7  percent  under  Attack  B.  Comparing  the  two 
relocation  postures,  Program  D  Prime  adds  four  to  five  times  as  many  survivors 
as  Paper  Plans  Only  relative  to  the  current  capability.  Alternatively,  Program 
D  Prime  after  relocation  saves  72  percent  of  those  who  would  die  under  Attack  A, 
given  the  current  capability;  Paper  Plans  Only  after  relocation  saves  less  than 
18  percent  of  the  fatalities.  In  the  heavier  Attack  B,  Program  D  Prime  after 
relocation  saves  about  57  percent  of  those  who  would  otherwise  be  fatalities; 
Paper  Plans  Only  after  relocation  saves  only  about  12  percent. 

It  should  also  be  noted  that  Program  D  Prime  in-place  (no  Presidential 
order)  adds  nearly  twice  as  many  survivors  as  Paper  Plans  Only  after  relocation 
relative  to  the  current  capability  under  Attack  A  and  about  2.6  times  as 

many  under  Attack  B.  This  finding  indicates  that  the  elements  of  Program  D 
Prime  other  than  those  associated  with  crisis  relocation  play  a  major  role  in 
increasing  the  number  of  survivors.  A  comparison  of  Test  Case  1  (in  which 
the  Paper  Plans  Only  program  is  arbitrarily  accorded  the  full  relocation 
effectiveness  of  Program  D  Prime)  with  Program  D  Prime  in-place  (spontaneous 
evacuation  only)  confirms  this  conclusion  since  Program  D  Prime  in-place  is 
nearly  as  effective  as  Test  Case  1  under  Attack  A  and  more  effective  under 


Attack  B.  A  comparison  of  Program  D  Prime  after  relocation  with  Test  Case  1 
(same  amount  of  relocation  In  each)  Indicates  that  about  half  of  the  added 
survivors  for  Program  D  Prime  are  the  result  of  program  elements  other  than 
those  contributing  to  successful  relocation. 

Similar  comparisons  among  uninjured  survivors  generate  similar  conclusions. 
In  general.  Program  D  Prime  Is  relatively  more  effective  In  Increasing  the 
uninjured  survivors  than  It  Is  In  Increasing  total  survivors.  Therefore,  the 
ratio  of  uninjured  survivors  to  the  Injured  should  be  highest  for  Program  D 
Prime . 

Assessment  of  Assured  Performance  ^ 

The  foregoing  discussion,  which  has  been  In  terms  of  average  survivors, 
does  not  differ  significantly  In  kind  from  casualty  estimates  based  on  single 
or  "point"  estimates,  such  as  the  POPDEF  best  estimates  or  assessments  made 
by  use  of  other  casualty  assessment  models.  The  MCPOPDEF  results  have  the 
added  feature  of  specifying  the  variability  of  outcomes,  given  estimates  of 
uncertainties  In  the  Input  parameters.  This  variability  is  Indicated  by  the 
size  of  the  standard  deviations  in  Table  9.  Since  the  distribution  of  outcomes 
from  repeated  Monte  Carlo  samplings  approximates  the  normal  or  Gaussian 
distribution,  the  Interpretation  of  the  standard  deviation  Is  that  about  68 
percent  of  all  outcomes  will  lie  within  one  standard  deviation  above  or  below 
the  mean.  On  the  other  hand,  about  16  percent  of  the  outcomes  will  be  higher 
than  the  mean  plus  one  standard  deviation  and  about  16  percent  will  be  lower 
than  the  mean  less  one  standard  deviation.  The  variability  of  the  mean  Itself 
Is  related  to  the  standard  deviation.  The  standard  deviation  of  the  mean  or 
average  value  Is  equal  to  the  standard  deviation  of  the  Individual  outcomes 
divided  by  the  square  root  of  the  number  of  cycles  or  outcomes.  Since  the 
results  In  Table  9  were  obtained  by  100  cycle  runs,  the  standard  deviation  of 
the  mean  Is  one-tenth  the  standard  deviation  shown  for  the  outcomes. 
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By  extension,  the  standard  deviation  can  be  used  to  derive  other 
confidence  limits.  The  68-percent  confidence  limits  represented  by  the 
standard  deviation  are  not  usually  adequate  in  defense  analyses.  It  is 
more  usual  to  specify  the  95-percent  confidence  limits;  that  is,  the  bounds 
between  which  95  percent  of  the  outcomes  will  be  found.  This  is  accomplished 
by  multiplying  the  standard  deviation  by  the  factor  1.96.  The  chances  are 
19  in  20  that  any  outcome  will  lie  between  limits  established  in  this  fashion. 
There  is  one  chance  in  20  that  a  particular  outcome  will  lie  outside  these 
limits,  distributed  equally  above  and  below;  that  is,  there  is  only  one  chance 
in  40  that  an  outcome  would  be  lower  than  the  lower  limit  at  the  95-percent 
confidence  level. 

One  can  thus  address  the  question  of  assured  survival  levels  in  a  rational 
way.  For  example,  in  August  1977,  Secretary  of  Defense  Harold  Brown  requested 
of  his  staff  an  analysis  of  civil  defense  options  that  could  confidently  save 
at  least  one-half  to  two-thirds  of  the  population,  provided  an  attack  were 
preceded  by  a  1-2  week  crisis  buildup  or  "surge"  period.  At  the  time,  there 
was  no  assessment  methodology  available  that  could  address  the  Secretary's 
request  in  the  sense  of  establishing  confidence  limits.  The  initial  results 
in  Table  9  can  be  used  for  this  purpose.  If  one  multiplies  the  standard 
deviation  shown  by  1.96  and  subtracts  the  result  from  the  mean,  one  obtains 
a  lower  bound  on  effectiveness  that  would  be  exceeded  in  39  of  40  cases;  that 
is,  there  is  only  one  chance  in  40  that  the  survival  outcome  from  the  Monte 
Carlo  calculation  would  be  less  than  this  survival  level.  To  the  extent  that 
the  uncertainty  estimates  of  Section  III  are  reasonable,  this  confidence  bound 
would  seem  to  satisfy  the  Secretary's  request. 

The  results  are  displayed  in  Figure  2.  The  survival  criterion  of  the 
Secretary  of  Defense  is  shown  as  a  shaded  band  between  50  percent  and  67  percent 
survivors.  The  assured  survivors  as  computed  above  are  shown  as  vertical  bars 
for  Paper  Flans  Only  and  Program  D  Prime,  both  in-place  and  after  relocation. 


Assured  Survivors  (Percent) 
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FIGURE  2  ASSURED  SURVIVORS  AT 
95  PERCENT  CONFIDENCE  LEVEL 


Attack  A  -  A 


Attack  B  -  B 
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*Confldence  that  at  least  half  to  two-thirds  of  popula¬ 
tion  would  survive  a  large-scale  nuclear  attack. 
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It  can  be  seen  that  the  Paper  Plans  Only  option  Intersects  the  criterion 
band  only  for  Attack  A  and  only  if  a  Presidential  relocation  order  occurs. 

On  the  other  hand.  Program  D  Prime  satisfies  the  criterion  for  both  attacks 
and  in  both  in-place  and  relocated  modes.  (It  was  Program  D  Prime  that  the 
Secretary  of  Defense  later  recommended  to  the  President,  according  to 
published  reports.) 

Effectiveness  Analysis 

Both  of  the  candidate  programs  being  considered  here  (Program  D  Prime  and 
Paper  Plans  Only)  feature  relocation  of  the  Risk  population  during  a  crisis 
(surge)  period  as  the  primary  measure  for  achieving  substantial  population 
survival.  The  essential  difference  between  the  two  programs  is  that  Paper 
Plans  Only,  as  the  program  identifier  suggests,  is  a  low-budget  addition  to 
the  current  civil  defense  capability  to  produce  the  essential  plans  for  crisis 
relocation  whereas  Program  D  Prime  is  designed  to  produce  a  high-confidence 
relocation  capability  and  to  provide  the  shelter  protection,  operational 
capabilities,  and  survlvable  direction  and  control  apparatus  necessary  to 
exploit  fully  the  relocation  potential.  (Program  D  Prime  also  provides  some 
improvement  to  the  in-place  posture  in  the  form  of  an  all-effects  shelter  survey, 
operational  plans  and  exercises,  and  trained  shelter  personnel.)  In  view  of 
the  importance  attached  to  crisis  relocation  in  both  programs,  as  well  as  the 
substantial  cost  increments  associated  with  the  Program  D  Prime  added 
capabilities,  it  is  useful  to  relate  the  survival  outcomes  to  the  predicted 
relocation  effectiveness.  The  information  in  Table  9  for  total  survivors  and 
mean  FCR  has  been  used  to  prepare  Figure  3.  The  performance  of  each  program 
in  the  in-place  and  relocated  modes,  as  well  as  Test  Case  1,  is  shown  as  a 
vertical  bar  located  at  the  mean  FCR.  The  thin  bar  shows  the  95-percent 
confidence  interval  obtained  by  multiplying  the  standard  deviation  by  1.96. 

The  lower  "feet"  of  these  bars  were  those  used  in  Figure  2  to  indicate 
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assured  survival  levels.  The  vertical  dimension  of  the  thick  central  bar 
represents  the  95-percent  confidence  Interval  for  the  mean  or  average  percent 
survivors.  The  results  for  Attack  A  are  shown  In  the  upper  chart;  those  for 
Attack  B  In  the  lower  chart.  (Test  Case  2  has  been  omitted  for  clarity 
although  the  data  were  used  In  estimating  the  trend  line.) 

Two  trend  lines  representing  the  locus  of  mean  or  expected  survival  are 
shown  In  each  chart,  the  upper  one  for  Program  D  Prime  and  the  lower  for 
Paper  Plans  Only.  The  solid  portion  of  each  line  represents  the  extent  of 
potential  real  performance  and  extends  from  the  low  estimate  of  spontaneous 
evacuation  to  the  high  estimate  of  relocation  following  a  Presidential 
directive.  The  dashed  lines  are  extensions  of  the  trend  lines  beyond  the 
range  of  real  performance.  The  terminations  of  the  trend  lines  at  zero  and 
100-percent  relocation  were  obtained  by  assigning  to  the  resident  population 
on  the  one  hand  and  a  fully-relocated  population  on  the  other  the  average 
survival  ratio  In  Risk  and  Host  areas  for  the  least  and  greatest  FCRs 
respectively. 


It  can  be  seen  that  the  trend  line  of  expected  percent  survivors  for 
Program  D  Prime  lies  well  above  that  of  Paper  Plans  Only;  that  Is,  Program  D 
Prime  provides  substantially  Increased  survival  at  any  level  of  relocation. 

This  Increase,  the  vertical  distance  between  the  trend  lines.  Is  attributable 

to  the  sheltering  and  other  elements  of  Program  D  Prime  not  involved  in  the 

effectiveness  of  crisis  relocation.  Note  that  the  Paper  Plans  Only  trend  line 

has  a  pronounced  curvature,  with  decreasing  Incremental  survival  as  the  percent 

of  the  Risk  population  relocated  Increases.  This  behavior  Is  attributable 

mainly  to  the  failure  to  provide  adequate  fallout  shelter  for  evacuees  In  the 

Host  areas  as  well  as  the  lack  of  RADEF  and  other  support  to  limit  fallout  radiation 

fatalities.  Many  of  those  successfully  relocated  In  the  Paper  Plans  Only 

program  succumb  to  fallout  radiation.  The  Program  D  Prime  trend  line,  on  the  .«  ' 

other  hand.  Is  nearly  a  straight  line.  Indicating  that  these  program  elements 

•r«  nearly  sufficient  to  "make  good"  the  survival  potential  of  crisis  relocatlcy 


■*' 
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In  the  "in-place  mode"  at  the  left-hand  margin  of  the  charts  in  Figure 
3,  Program  D  Prime  adds  about  12  percent  of  the  total  population  as  survivors 
over  Paper  Plans  Only  in  Attack  A;  about  15  percent  in  Attack  B.  This 
difference  is  attributable  to  the  all-effects  shelter  survey  and  consequent 
CSPs  in  the  Risk  areas  in  which  about  two-thirds  of  the  population  reside,  and 
to  the  training  of  shelter  managers,  shelter  monitors,  and  other  civil  defense 
personnel,  exercising  of  the  organization,  and  so  on.  At  the  other  margin, 
the  region  of  highly-eff active  crisis  relocation,  the  advantage  of  Program  D 
Prime  is  greater  —  about  20  percent  added  survivors  in  Attack  A  and  about 
22  percent  in  Attack  B  —  because  of  the  investment  in  fallout  protection  and 
operational  capabilities  in  the  fallout  environment. 

Although  overall  survival  is  less  under  the  heavier  Attack  B  than  under 
Attack  A,  the  advantage  of  Program  D  Prime  is  greater  because  it  tends  to 
degrade  more  gracefully  than  Paper  Plans  Only. 

The  MCPOPDEF  initial  results  for  uninjured  survivors  are  presented  in ^ 
Figure  4  in  a  manner  similar  to  that  for  total  survivors  in  Figure  3.  The 
discussion  concerning  total  survivors  applies  to  these  results  as  well. 

However,  the  margin  of  superiority  for  Program  D  Prime  has  increased, 
especially  in  the  region  of  high  effectiveness  of  relocation.  The  relative 
effectiveness  of  the  two  programs  in  this  regard  is  best  represented  by  the 
ratio  of  uninjured  survivors  to  injured  survivors,  an  important  consideration 
in  postattack  reconscitution  and  recovery.  This  comparison  is  shown  in  Figure 
5,  in  which  only  the  mean  or  expected  values  of  the  ratio  are  indicated  for 
the  two  proprams,  in-place  and  relocated,  and  the  two  test  cases.  The  contrast 
in  performance  is  most  dramatic  for  Attack  A  but  substantial  also  under  Attack 
B.  The  ratio  is  relatively  constant  for  the  Paper  Plans  Only  option  but  shows 
an  increasing  increment  with  the  fraction  of  the  Risk  population  relocated  for 
Program  D  Prime. 


ratio  of  vhihjured  to  IHJUKEO 
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Effectiveness  and  Cost 


The  foregoing  discussion  of  relative  effectiveness  in  reducing  fatalities 
and  injuries  neglects  the  factor  of  program  cost.  To  some  extent,  the  emphasis 
on  effectiveness  is  warranted,  since  program  options  that  promise  to  do  little 
to  alter  the  status  quo  may  be  of  little  interest  regardless  of  the  anticipated 
cost.  Also,  MCFOPDEF  and  its  supporting  methodology  is  concerned  with 
estimating  the  probable  effectiveness  of  candidate  civil  defense  programs  and, 
more  especially,  that  of  program  elements  for  the  purpose  of  Improving  program 
design  for  a  given  cost.  Nonetheless,  the  superior  effectiveness  of  Program  D 
Prime  can  be  acquired  only  by  tripling  the  current  Federal  expenditures  over 
a  seven-year  period;  say,  from  approximately  $100  million  a  year  to  $300  million 
annually  on  the  average,  neglecting  inflation.  The  latter  figure  is  not  a  large 
outlay  in  comparison  with  other  defense  expenditures  nor  is  it  comparable  to 
the  cost  of  more  ambitious  civil  defense  options  that  have  been  undertaken  by 
some  other  nations  and  that  have  proponents  in  this  country.  The  Paper  Plans 
Only  option,  on  the  other  hand,  requires  a  very  modest  Increase  in  the  current 
civil  defense  budget,  perhaps  a  25  percent  real  increase.  Thus,  the  cost- 
effectiveness  comparisons  should  be  examined. 

The  essential  relationships  are  presented  in  Figure  6.  The  upper  chart 
displays  the  mean  (average  or  expected)  total  and  uninjured  percent  survivors 
as  determined  from  the  initial  MCFOPDEF  runs.  The  left-hand  bar  shows  the 
results  for  Attack  A;  the  right-hand,  those  for  Attack  B.  The  bars  for  each 
program  are  centered  on  the  estimated  7-year  program  costs,  which  are  discussed 
later  on.  These  costs  are  $640  million  to  maintain  the  current  capability 
(CCM),  $790  million  to  maintain  the  current  capability  and  add  paper  plans 
for  crisis  relocation  (FFO),  and  $1,920  million  to  deploy  Program  D  Prime. 

The  top  of  each  bar  indicates  the  expected  total  survivors  and  the  unshaded 
portion  indicates  the  expected  uninjured  survivors.  The  effectiveness 
estimates  for  FPO  assume  a  Presidential  order  to  relocate  the  Risk  population; 
hence.  Program  D  Prime  is  presented  under  the  same  assumption  (DRE) .  If  no 


FIGURE  6  EFFECTIVENESS  VS.  COST 
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Presidential  directive  Is  assumed,  the  performance  of  PPO  becomes  the  same 
as  CCM  because  the  paper  plans  would  not  be  Implemented  although  the  added 
costs  would  have  been  Incurred.  To  aid  In  visualizing  this  contingency,  the 
expected  effectiveness  of  Program  D  Prime  with  only  spontaneous  evacuation 
(DIP)  has  been  Inserted  Into  the  DRE  bars  with  the  Injured  fraction  Indicated 
by  crossed  lines. 

The  lower  chart  In  Figure  6  corresponds  to  the  upper  chart  with  the 
assured  survivors  at  the  9S  percent  confidence  level  substituted  for  the 
expected  values.  The  top  of  each  bar  Indicates  the  same  effectiveness  as 
In  Figure  2  and  Secretary  Brown's  criterion  applies.  Thus,  the  lower  chart 
speaks  to  "assured  survival”  relative  to  program  cost. 

Another  figure  of  merit  that  has  been  used  In  the  past  Is  "cost  per  added 
survivor".  Referring  to  the  lower  chart.  It  can  be  seen  that  the  Paper  Plans 
Only  option  (PPO)  adds  from  4  to  5  percent  of  the  population  as  assured 
survivors  over  Current  Capability  Maintained  (CCM) .  This  amounts  to  saving 
about  10  million  persons,  which  Is  achieved,  given  a  Presidential  directive, 
at  an  Incremental  cost  of  $150  million  ($790  million  less  $640  million). 

Thus,  the  cost  per  added  survivor  for  PPO  Is  about  $15.  Program  D  Prime, 
under  the  same  assumption,  adds  73  to  76  million  assured  survivors  under  both 
attacks  at  an  Incremental  cost  of  $1,280  million.  The  cost  per  survivor  Is 
$17.00.  There  Is  little  to  choose  between  the  two  programs  In  this  respect 
and  relative  effectiveness  or  some  criterion  of  assured  survival  would  appear 
to  be  the  major  decision-making  factor. 


Preliminary  Program  Analysis 

As  noted  above,  MCPOPDEF  and  Its  supporting  methodology  —  POPDEF  and  PAM 
—  have  been  developed  as  a  qxiantltatlve  approach  to  detailed  program  design. 
It  Is  possible  to  estimate  the  expected  payoff  of  Individual  program  elements 
within  the  context  of  an  overall  program  design;  that  Is,  to  answer  questions 
such  as  "How  many  lives  does  an  EOC  save?"  and  then  to  compare  the  program 
element  cost/effectiveness  ratio  with  those  of  other  elements  and  that  of  the 
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program  as  a  whole.  The  contribution  of  the  various  elements  can  be  ranked 
as  a  basis  for  changes  in  program  design  to  maximize  expected  or  assured 
performance  for  a  given  program  cost.  Candidate  elements  not  Included 
initially  in  a  program  design  can  be  Introduced  for  consideration.  Internal 
balances  among  expenditures  for  recruitment  and  training  of  personnel,  hardware, 
and  operational  planning  can  be  sought  by  use  of  the  Program  Analysis  tfodel 
(PAM)  to  ascertain  the  probable  changes  in  the  MCPOPDEF  input  distributions. 
Relationships  among  program  elements  can  be  assessed  to  arrive  at  balanced 
"program  packages"  designed  to  deal  with  some  aspect  of  the  attack  environment. 
These  potential  uses  of  the  methodology  have  not  yet  been  applied.  However,  a 
"program  package"  analysis  of  Program  D  Prime  as  currently  defined  has  been 
accomplished. 

The  program  elements  in  Program  D  Prime  and  their  7-year  costs  in 
constant  1978  dollars  are  shown  in  Table  10.  The  last  two  program  elements. 
Management  and  Research  and  Development,  provide  general  support  and  are 
classed  as  Indirect  costs  to  be  allocated  to  the  program  packages  in  proportion 
to  their  costs.  The  costs  shown  are  based  on  an  internal  DCPA  planning 
document  dated  April  27,  1979.  The  ten  program  elements  constituting  direct 
costs  have  been  assembled  into  five  program  packages  for  the  purpose  of  this 
analysis.  The  five  packages  and  their  costs  are  presented  in  Table  11. 

The  purpose  of  packaging  the  D  Prime  program  elements  in  this  fashion  is 
to  allow  estimates  of  how  program  performance  in  terms  of  reduced  fatalities 
and  injuries  would  change  if  the  various  packages  were  to  be  added  to  the 
current  civil  defense  program  in  various  combinations.  For  example.  Package 
A  is  the  Paper  Plans  Only  option  analyzed  earlier  on.  Its  effectiveness  when 
added  to  the  Current  Capability  Maintained  (CCM)  already  has  been  estimated 
as  PPO.  The  gross  cost  of  the  Paper  Plans  package  is  $272  million,  arrived 
at  as  follows: 
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Table  10 

PROGRAM  0  PRIME  ELEMENTS  AND  COSTS 

Program  Element  7-Year  Cost  (1978  Dollars) 

(millions) 

$  74 

195 
77 

196 
37 
74 

290 
46 
93 
166 
568 
102 

$1,918 


670 

$1,248 


i.  . 

t 

I 
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1. 

Shelter  Surveys 

2. 

NCP  Planning  (CSP,  CRP,  CRSP) 

3. 

Shelter  Development  Planning 

4. 

Shelter  Marking  and  Stocking 

5. 

Shelter  Management  Training 

6. 

Warning 

7. 

Emergency  Operating  Centers 

8. 

D&C  Training  and  Exercising 

9. 

RADEF 

10. 

Emergency  Public  Information  and  EBS 

11. 

Management 

12. 

Research  and  Development 

Total  Program 

Indirect  Costs 

11. 

Management 

$568 

12. 

R  &  0 

102 

Total  Indirect  Costs 

Total  Direct  Costs 
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Table  11 

PROGRAM  D  PRIME  PACKAGES 


Program  Package  Costs  (Millions) 

A.  Paper  Plans 


VI  NCP  Planning 

$ 

98 

1/2  Shelter  Surveys 

37 

1/4  EPI/EBS 

42 

Indirect  Cost 

95 

Total  Package  A 

$ 

272 

Relocation  Effectiveness 

1/4  EOCs 

$ 

72 

D&C  Training  and  Exercising 

46 

MCP  Training  and  Exercising  (30%) 

58 

3/4  EPI/EBS 

124 

Indirect  Cost 

161 

Total  Package  B 

$ 

461 

Sheltering  and  Warning 

NCP  Planning  (20%) 

$ 

39 

Shelter  Development  Planning 

77 

1/2  Shelter  Surveys 

37 

Warning 

74 

Indirect  Cost 

122 

Total  Package  C 

$ 

349 

Attack  Operations 

3/4  EOCs 

$ 

218 

RAOEF 

93 

Shelter  Management 

37 

Indirect  Cost 

187 

Total  Package  D 

$ 

535 

Shelter  Stocks 

Shelter  Marking  and  Stocking 

$ 

196 

Indirect  Costs 

105 

Total  Package  E  $  301 


TOTAL  ALL  PACKAGES  $1,918 
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The  preparation  of  crisis  relocation  plans  for  the  various  conglomerates 
of  Risk  and  Host  areas  Is  estimated  to  require  one-half  of  the  NCF  planning 
effort  (item  2  In  Table  10).  These  plans  must  be  based  on  completion  of  the 
Host  Area  Survey,  which  constitutes  half  of  the  cost  of  the  shelter  surveys 
element  (item  1  In  Table  10).  To  Inform  the  population  of  the  relocation 
plans  In  a  rudimentary  way  Is  estimated  to  cost  about  one-fourth  of  Item  10 
In  Table  10.  These  costs  plus  the  proportionate  share  of  the  Indirect  costs 
constitute  the  Package  A  cost. 

Package  B  Is  Intended  to  add  those  elements  of  Program  D  Prime  that 
contribute  to  a  hlgh-confldence  crisis  relocation  capability.  To  achieve 
this  goal,  the  Direction  and  Control  (D&C)  element  would  be  required  (Item 
8  In  Table  10).  Moreover,  the  detailed  development  of  operational  plans  for 
relocation  and  the  exercising  activities  Included  In  Item  2  of  Table  10  would 
be  needed.  This  Is  estimated  to  constitute  30  percent  of  the  element  cost. 
Emergency  Operating  Centers  and  their  communication  capabilities  would  be 
needed  but,  since  crisis  relocation  is  a  preattack  activity,  the  survivability 
aspects  of  EOCs,  which  dominate  the  costs,  would  not  contribute.  Hence,  only 
one-quarter  of  the  cost  of  Item  7  of  Table  10  Is  assigned  here;  the  remainder 
Is  attributed  to  Package  D.  Finally,  the  remainder  of  the  Emergency  Public 
Information  element  cost  Is  charged  to  Package  B. 

It  should  be  noted  that  Package  B  is  linked  to  Package  A.  It  would  make 
no  sense  to  deploy  Package  B  In  the  absence  of  Package  A.  Hence,  In  the 
analysis.  Package  B  will  be  added  to  COM  only  In  conjunction  with  Package  A. 
When  Packages  A  and  B  are  added  to  CCM,  the  effectiveness  of  crisis  relocation 
(FCR)  should  be  the  same  as  estimated  for  Program  D  Prime.  But  this  Is  Test 
Case  1  of  the  earlier  analysis.  Therefore,  the  effectiveness  attributed  to 
Test  Case  1  will  be  used  for  the  case  where  only  Packages  A  and  B  are  added  to 
the  current  capability. 


*  ^ 
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Package  C  has  to  do  with  improved  protection  against  weapon  effects. 

If  It  were  added  to  CCM  by  Itself,  It  would  substitute  the  Program  D  Prime 
shelter  classes  for  those  of  CCM,  Including  the  provision  of  upgraded  fallout 
shelter  (Class  XU)  In  Host  Areas  and  key-worker  shelters  (Class  Y)  In  Risk 
areas.  Further,  the  D  Prime  shelter  assignments  (FA)  would  apply.  Finally, 
to'  take  advantage  of  the  better  sheltering  capability,  the  D  Prime  values  of 
FS  (fraction  of  stay-puts)  and  FE  (fraction  caught  In  the  open)  would  be 
substituted  for  those  of  CCM.  To  accomplish  these  Improvements  would  require 
the  remainder  of  the  NCP  planning  element  (20  percent)  to  produce  up-to-date 
CSPs,  the  remaining  half  of  the  shelter  surveys  element  for  the  all-effects 
shelter  survey,  all  of  the  shelter  development  planning  element  and  all  of 
the  warning  element  (Items  3  and  6  of  Table  10) . 

Package  D  Is  Intended  to  provide  the  Program  D  Prime  capabilities  for 
operations  that  would  reduce  fatalities  and  Injuries  In  the  attack 
environment.  If  added  to  the  current  capability  by  Itself,  it  would 
substitute  the  D  Prime  estimates  for  AMLOP,  AMCOP,  FPF,  FF,  FR,  FFS,  and  all 
of  the  remedial  measures  Inputs  —  FFR,  FRR,  etc.  To  accomplish  this  improve¬ 
ment  would  require  the  survivability  aspects  of  Emergency  Operating  Centers 
(75  percent  of  item  7  in  Table  10)  and  all  of  the  RADEF  and  shelter 
management  training  elements  (items  5  and  9  In  Table  10) . 

Finally,  Package  E  consists  of  the  marking  and  stocking  element  (Item 
4  in  Table  10).  The  operational  significance  would  consist  of  changes  in 
the  fraction  forced  out  by  lack  of  water  or  ventilation  (FW  and  FV)  in  Host 
areas.  (Shelter  marking  is  not  treated  currently  in  PAM  but  constitutes  only 
a  very  small  fraction  of  the  element  cost.)  It  would  make  no  sense  to  deploy 
Package  E  except  In  conjunction  with  Package  C  since  nearly  all  of  the 
procurement  is  to  be  employed  in  the  upgraded  fallout  shelters  provided  by 
Package  C.  Hence,  Package  E  will  be  linked  to  Package  C. 


r 
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It  will  be  noted  In  Table  11  that  the  gross  cost  of  Package  D  Is  the 
highest,  that  of  Package  B,  next  highest.  Package  A  has  the  lowest  gross 
cost.  Package  E,  the  second  lowest.  It  is  also  of  Interest  that  the  gross 
cost  of  Packages  A  and  B,  $733  million,  accounts  for  about  40  percent  of  the 
total  cost  of  Program  D  Prime.  The  estimated  effectiveness  would  be  that  of 
Test  Case  1,  which  produces  about  60  percent  of  the  total  survivors  and  50 
percent  of  the  uninjured  survivors  produced  by  Program  D  Prime  under  Attack  A 
but  only  about  40  percent  of  total  survivors  and  30  percent  of  uninjured 
survivors  of  D  Prime  under  Attack  B  (Figures  3  and  4).  Thus,  in  a  crude  sense, 
the  gross  costs  of  the  relocation  packages  of  Program  D  Prime  seem  to  be  in 
approximate  balance  with  the  sheltering  and  attack  operations  packages. 

For  present  purposes,  however,  the  gross  costs  of  the  five  packages  are 
not  of  direct  interest  since  they  are  to  be  added  to  the  Current  Capability 
Maintained,  which  also  provides  some  investment  in  the  same  capabilities.  The 
net  cost  of  Program  D  Prime  over  maintenance  of  the  current  capability  is  about 
$1,280  millions.  To  obtain  the  net  cost  of  the  five  packages,  an  analysis  was 
made  of  the  FY  1979  civil  defense  budget  with  the  results  shown  in  Table  12. 

The  allocations  attributed  to  CCM,  when  subtracted  from  the  gross  package  costs, 
result  in  lower  net  package  costs  for  all  packages  except  Package  £.  (There  is 
no  procurement  of  stocks  in  the  current  program.)  The  net  package  costs  were 
then  rounded  for  use  in  the  analysis.  In  the  process,  the  gross  cost  of 
Program  D  Prime  was  rounded  to  $1,920  millions. 

The  results  of  the  package  analysis  in  terms  of  total  survivors  are  shown 
in  the  upper  chart  of  Figure  7.  The  results  in  terms  of  uninjured  survivors 
are  shown  in  the  lower  chart.  Only  mean  or  expected  survivors  are  shown  for 
each  combination  of  packages.  The  most  cost-effective  combinations  are 
connected  by  solid  lines.  These  have  a  slope  of  steepest  ascent.  The  nearest 
competitor  is  shown  by  a  dashed  line  for  the  first  three  decision  points. 


FIGURE  7  PROGRAM  D  PRIME  PACKAGE  EFFECTIVENESS  VS.  COST 
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The  analysis  begins  with  the  Current  Capability  Maintained  (CCM)  at  a 
cost  of  $0.64  billion.  The  most  cost-effective  addition  to  CCM  Is  Package  A, 
the  Paper  Relocation  Plans  option.  This  Is  true  for  both  attacks  and  both 
measures  of  effectiveness.  The  next  best  choice  Is  Package  C,  the  Sheltering 
and  Warning  package,  which  has  comparable  total  survivors  and  more  uninjured 
survivors  than  Package  A  but  costs  relatively  more.  When  two  packages  are 
added  to  CCM,  Package  A  Is  Included  In  the  two  best  choices.  For  Attack 
A,  the  preferable  second  package  Is  Package  B,  the  Relocation  Effectiveness 
package.  For  the  heavier  attack.  It  is  better  to  add  the  Sheltering  and 
Warning  package  to  Paper  Plans  Only,  even  though  the  combination  costs  somewhat 
more.  The  other  two-package  combinations  are  not  competitive. 

At  the  next  stage,  the  three-package  combination  of  Packages  A,  B,  and  C 
(full  relocation  plus  sheltering  and  warning)  is  clearly  superior  to  Its 
nearest  competitor,  so  much  so  that  only  one  four-package  combination  need  be 
shown.  The  latter  combination  consists  of  all  but  Package  E,  Shelter  Stocks. 

In  terms  of  total  survivors  (upper  chart),  the  three-package  combination  (CCM 
plus  Packages  A,  B,  and  C)  achieves  most  of  the  performance  attributed  to 
Program  D  Prime.  However,  the  Increase  in  uninjured  survivors  (lower  chart) 
achieved  by  adding  Package  D,  Attack  Operations,  and  Package  E,  Shelter  Stocks, 
is  quite  substantial.  Thus,  if  the  composition  of  Program  D  Prime  were  to  be 
judged  purely  on  the  basis  of  total  survival,  one  might  be  tempted  to  eliminate 
the  shelter  stocks  and,  possibly,  the  attack  operations  capabilities  to  create 
a  less-costly  program  with  most  of  the  performance  of  Program  D  Prime.  The 
reduction  In  uninjured  survivors  caused  by  this  truncation  of  Program  D  Prime 
would  be  a  cause  for  concern,  since  postattack  recovery  Is  known  to  depend 
strongly  on  the  size  of  the  effective  work  force. 

The  significance  of  this  measure  Is  highlighted  In  Figure  8,  In  which  the 
ratio  of  uninjured  to  Injured  survivors  Is  plotted  for  the  most  cost-effective 
combinations  of  Figure  7.  This  ratio  Is  an  Important  measure  of  program 
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effectiveness,  since  the  injured  survivors  place  a  demand  on  the  uninjured 
survivors  that  detracts  from  recovery  capabilities.  It  can  be  seen  that 
Packages  D  and  E  make  a  major  contribution  to  the  prospects  for  postattack 
recovery  —  nearly  doubling  the  ratio  of  uninjured  to  injured  —  although 
their  contribution  to  total  survival  is  quite  modest.  This  finding  has  other 
implications.  The  major  effect  of  Packages  D  and  E  is 'to  reduce  markedly  the 
number  of  people  suffering  radiation  sickness.  Therefore,  these  packages 
also  surely  contribute  to  the  reduction  of  the  long-term  consequences  of 
radiation  exposure  among  the  "uninjured”  survivors  —  late-appearing  cancers, 
life-shortening,  lowering  of  resistance  to  disease,  and  genetic  effects  in 
future  generations  —  effects  that  are  not  measured  directly  by  the  casualty 
estimating  procedure. 

It  can  be  concluded  from  this  analysis  that  Program  D  Prime  is  a  well- 
designed  and  well-balanced  civil  defense  program  when  all  of  the  pertinent 
measures  of  effectiveness  are  considered.  The  hlgh-confldence  crisis 
relocation  capability,  coupled  with  the  sheltering  and  warning  measures,  can 
be  expected  to  provide  a  relatively  high  level  of  survival,  while  the  attack 
operations  capabilities  and  shelter  stocks  not  only  add  to  survival  but  also 
assure  that  most  of  the  survivors  are  uninjured  and  capable  of  contributing 
to  reconstitution  of  the  society  and  ultimate  national  recovery. 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 


Summary 


A  methodology  has  been  presented  that  allows  the  introduction  of  ranges 
of  uncertainty  into  the  assessment  of  casualties  resulting  from  hypothetical 
nuclear  attacks.  The  computational  procedure  employs  a  Monte  Carlo  sampling 
model  connected  to  a  casualty  assessment  technique  called  the  Population 
Defense  Ifodel  (FOPDEF) .  There  are  some  30  input  parameters  in  POPDEF  for 
which  estimates  of  the  ranges  of  uncertainty  and  probability  distributions 
are  needed  for  use  in  the  Monte  Carlo  calculations.  Based  on  these  distributions, 
the  Monte  Carlo  Population  Defense  Model  (MCPOPDEF)  selects  a  value  at  random 
for  each  variable  subject  to  uncertainty.  These  values  are  then  used  in  the 
POPDEF  model  to  assess  fatalities  and  injuries.  After  100  such  estimates  are 
obtained,  means  and  standard  deviations  of  the  sample  outputs  are  calculated. 

The  model  has  been  implemented  at  the  DCPA  Computer  Facility. 

The  initial  results  reported  here  are  based  on  estimates  of  ranges  of 
uncertainty  made  by  expert  panels  of  DCPA  staff  members  and  consultants. 

These  estimates  are  believed  to  represent  an  excellent  initial  basis  for  the 
evaluation  of  the  potential  performance  of  civil  defense  programs.  Means  and 
confidence  limits  are  presented  for  two  civil  defense  program  options  in  terms 
of  total  survivors,  uninjured  survivors,  and  the  ratio  of  uninjured  to  injured 
survivors  under  two  hypothetical  nuclear  attacks  against  military  and  urban- 
industrial  targets.  Further,  the  components  of  the  more  effective  option  are 
evaluated  for  their  contributions  to  survival  relative  to  cost. 

Conclusions 

1.  The  Monte  Carlo  Population  Defense  Model  as  presently  constituted 
is  an  effective  procedure  for  accounting  for  technical  and  operational 


-86- 


uncertainties  In  the  relative  performance  of  civil  defense  programs  and  program 
elements.  Although  there  Is  some  risk  that  the  use  of  means  and  confidence 
limits  may  give  an  unwarranted  illusion  of  precision  in  casualty  estimation, 
the  method  offers  significant  advantages  in  the  evaluation  of  performance  under 
uncertainty . 

2.  The  Program  Analysis  Model  used  by  the  expert  panels  is  an  effective 
means  of  converting  detailed  program  data  and  behavioral  estimates  into  casualty 
assessment  factors.  Low,  best,  and  high  estimates  made  at  a  level  of  great 
detail,  as  demonstrated  in  the  Appendices,  led  Invariably  to  intuitively 
reasonable  estimates  of  the  POPDEF  input  parameters  and  their  variability. 

3.  The  panel  estimate  of  the  fraction  of  the  Risk  population  that  would 
be  relocated  In  a  crisis  (77  percent)  confirms  the  planning  factor  (80  percent) 
In  common  use  but  the  range  of  uncertainty  was  judged  to  be  large  (58  percent 
to  87  percent).  On  the  other  hand,  the  current  planning  factor  for  spontaneous 
evacuation  In  a  crisis  (10  percent)  Is  at  the  low  end  of  a  range  estimated  to 
extend  to  a  high  of  AO  percent  of  the  Risk  population. 

A.  Paper  relocation  plans  without  detailed  operational  plans  backed  by 
organizational  exercises  are  estimated  to  be  only  half  as  effective  (39  percent 
relocated)  as  the  full  program  (77  percent).  The  uncertainty  In  the  response 
to  "paper  plans  only"  ranges  from  a  low  of  21  percent  relocated  to  a  high  of 
58  percent. 

5.  Program  D  Prime  in  the  relocated  mode  Is  estimated  to  provide  a 
mean  survival  rate  of  about  75  to  85  percent  of  the  U.S.  population  under 
large-scale  nuclear  attacks  directed  against  military  and  urban-industrial 
targets.  The  95-percent  confidence  bounds  on  this  performance  are  6  to  8 
per  ent  of  the  mean  values,  given  the  estimated  ranges  of  uncertainty  In 
the  assessment  factors.  On  the  average,  86  to  93  percent  of  the  Program  D 
Prime  survivors  are  assessed  as  uninjured  survivors,  yielding  6  to  12 
uninjured  survivors  for  each  injured  survivor. 
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6.  If  "assured  survivors"  are  defined  as  those  having  only  one  chance 
In  40  of  becoming  a  fatality  given  the  uncertainty  estimates.  Program  D  Prime 
Is  estimated  to  achieve  70  to  80  percent  assured  survival  of  the  U.S. 
population  under  large-scale  nuclear  attacks  directed  at  military  and  urban- 
industrial  targets. 

7.  The  current  civil  defense  capability  Is  estimated  to  provide  a 
mean  survival  rate  of  about  40  to  53  percent  of  the  U.S.  population  under 
large-scale  nuclear  attacks  directed  against  military  and  urban- Indus trial 
targets.  Relative  to  the  current  capability.  Program  D  Prime  after  relocation 
adds  about  one-third  of  the  U.S.  population  as  expected  survivors  or  about 

60  to  75  percent  of  those  who  would  otherwise  die. 

8.  The  most  cost-effective  element  of  Program  D  Prime  that  could  be 
added  to  the  current  capability  Is  the  preparation  of  basic  crisis  relocation 
plans.  However,  "paper  plans  only"  does  little  to  alter  the  status  quo, 
adding  only  about  7  to  8  percent  of  the  U.S.  population  as  expected  survivors. 
Assured  survivors  at  the  95-percent  confidence  level  remain  less  than  50 
percent  except  for  the  lightest  attack  studied  where  they  amounted  to  53 
percent  of  the  U.S.  population,  given  a  Presidential  order  to  relocate. 

9.  The  hlgh-confldence  crisis  relocation  capability  of  Program  D  Prime 
coupled  with  Its  sheltering  and  warning  measures,  which  represent  about  70 
percent  of  the  cost  of  the  program,  are  estimated  to  yield  about  90  percent 

of  the  total  survivors  attributed  to  Program  D  Prime  but  only  about  85  percent 
of  the  uninjured  survivors.  Hence,  the  ratio  of  uninjured  to  Injured  survivors 
Is  only  about  half  that  achieved  by  the  full  program.  The  remaining  elements 
of  Program  D  Prime  not  only  add  to  overall  survival  but  also  assure  that  most 
of  the  survivors  are  uninjured  and  capable  of  contributing  to  reconstitution 
and  recovery. 

10.  Program  D  Prime  appears  to  be  a  well-designed  and  well-balanced  civil 
defense  program  when  all  of  the  pertinent  measures  of  effectiveness  are 
considered . 
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Recommendations 

1.  The  Monte  Carlo  Population  Defense  Model  as  currently  implemented 
should  be  used  for  agency  studies  and  program  design. 

2.  Efforts  should  be  continued  to  Improve  the  casualty  assessment 
procedures  and  to  incorporate  ranges  of  uncertainty  for  all  input  parameters. 

3.  The  initial  estimates  of  uncertainty  reported  here  should  be 
subjected  to  critical  review  and  improved  estimates  obtained.  Studies  should 
be  undertaken  of  the  sensitivity  of  survival  outcomes  to  suggested  changes. 

4.  The  methodology  should  be  employed  as  a  basis  for  defining  research  j 

requirements  in  areas  of  critical  Importance  where  lack  of  knowledge  or 
applicable  data  contribute  to  uncertainty  in  program  performance. 

5.  Consideration  should  be  given  to  expanding  the  methodology  to 

account  directly  for  the  survival  of  facilities,  communications,  and  equipment  j 

as  well  as  people. 

6.  Consideration  should  be  given  to  expanding  the  methodology  to  | 

incorporate  uncertainties  in  attack  characteristics  into  the  Msnte  Carlo 
procedure. 


Appendix  A 

MCPOPDEF  USER'S  GUIDE 

This  Appendix  constitutes  a  user's  guide  for  the  Monte  Carlo  version  of  the 
population  defense  model  (POPDEF).  In  fact,  since  both  the  POPDEF  and  MCPOPDEF 
models  have  been  Implemented  in  a  single  computer  program,  this  user's  guide  is 
applicable  to  both  models.  The  following  four  sections  contain  an  overview 
description  of  the  MCPOPDEF  model,  a  description  of  MCPOPDEF/POPDEF  Input 
quantities,  a  description  of  the  output  produced  when  the  model  is  run  in  the 
MCPOPDEF  mode,  and  a  listing  of  the  computer  program  source  code. 

MODEL  OVERVIEW 

Many  of  the  Input  variables  to  the  POPDEF  model  are  subject  to  uncertainty. 
The  MCPOPDEF  model  was  written  to  enable  the  user  to  define  probability 
distributions  for  each  of  these  variables  and  determine  the  resulting  mean  values 
and  standard  deviations  for  the  model  output  quantities  used  to  express  Civil 
Defense  program  effectiveness  (e.g.,  total  survivors). 

The  model  operates  as  follows.  Once  the  probability  distributions  have  been 
defined  (the  manner  In  which  this  is  done  is  described  below),  the  model  is  run 
for  a  user-specified  number  of  cycles.  In  each  cycle,  a  value  Is  generated  for 
each  variable  subject  to  uncertainty  (based  on  the  appropriate  probability 
distribution).  These  values  are  then  used  In  POPDEF  to  determine  the  resulting 
values  for  each  output  quantity  of  Interest.  After  the  specified  number  of 
cycles  has  been  reached,  means  and  standard  deviations  are  calculated  for  each 
output  quantity,  and  these  results  are  printed  out.  The  structure  of  the  basic 
POPDEF  model  Is  described  In  Section  II  of  the  report  and  is  not  repeated  here. 

The  probability  distribution  for  each  variable  Is  defined  as  follows. 

First,  "low",  "best",  and  "high"  values  are  specified  for  the  variable.  These 

are  denoted  as  V^,  V^,  and  V^  here.  In  addition,  a  value  V2  Is  defined  between 

V,  and  V.,  and  a  value  V,  is  defined  between  V.  and  V..  Thus,  four  Intervals 
1  3  4  3  5 


A-2 


are  defined  (i.e.,  to  V2,  V2  to  V^,  to  V^,  and  to  V^) .  Finally,  four 
probabilities  are  specified  (summing  to  1).  Denote  these  as  P^,  P2,  P^t  and  P^. 
P^  Is  the  probability  that  the  value  will  fall  In  Interval  1  .  Within  each 
Interval,  each  value  Is  assumed  to  be  equally  likely. 

In  those  cases  where  the  user  has  a  fairly  good  Idea  of  the  shape  of  the 
distribution  (this  Is  currently  the  case  for  shelter  MLOPs  and  MCOPs) ,  he 
specifies  values  for  each  of  the  quantities  V^,  ^2*  ^4*  ^5*  ^2’  ^3’ 

P^.  However,  the  current  state  of  knowledge  Is  not  that  precise  for  many  of  the 
variables.  In  those  cases,  I^OPDEF  uses  a  "default"  distribution  defined  as 
follows.  The  user  specifies  Vj^,  V^,  and  7^(1. e.,  the  "low",  "best",  and  "high" 
values) .  Then,  V2  and  are  calculated  as 

^  “  i  (V^  +  V3)  and  -  i  (V3  +  V5) . 

The  values  of  Pj^,  P2»  F3  and  P^  are  taken  as 

Pj^  -  .15,  P2  -  .35,  P3  •  .35,  and  P^  »  .15. 

« 

Thus,  the  "best"  value  Is  taken  as  the  median  value  for  the  default  distribution. 
INPUT  DESCRIPTION 

The  Input  values  for  a  sample  case  are  presented  In  Figures  A-1  and  A-2. 

The  data  Is  organized  In  two  separate  card-image  (i.e.,  80  character  records) 
files.  The  first  file  (Figure  A-1)  contains  the  attack  environment  matrix 
describing  the  overpressure  and  dose  distributions  (In  the  open)  for  the 
population  In  each  of  (up  to)  three  regions.  A  print  control  parameter  also 
appears  in  this  file.  All  of  the  remaining  Input  data  Is  contained  In  the  second 
file  (Figure  A-2).  Both  listings  are  annotated,  showing  the  variable  names  for 
each  of  the  quantities  read  In.  (NOTE:  When  several  Indices  are  listed  for  a 
variable,  the  most  slowly  varying  Index  Is  listed  first,  etc.)  Line  numbers  also 
appear  In  the  listings,  but  these  are  not  part  of  the  actual  files. 
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Figure  A-1.  SAMPLE  CASE  INPUT  LISTING  (Part  1) 
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The  indices  1,  J,  K,  and  L  are  used  in  the  program  in  a  fairly  consistent 
way  (i.e.,  with  only  a  few  exceptions)  to  indicate  shelter  class,  event  type, 
region,  and  probability  distribution  index,  respectively.  There  are  currently 
10  shelter  classes  considered,  and  one  set  in  use  is  described  below  (the 
corresponding  DCPA  shelter  categories  are  shown  in  parentheses) : 

CLASS  DESCRIPTION 

1  Stay -puts  (i.e.,  people  who  are  assigned  to 
shelter  but  do  not  go,  people  unwarned,  people 
unassigned,  etc.) 

2  Home  basements  (D) 

3  Subways,  mines,  caves  (A) 

4  Strong  basements  (B/C) 

5  Strong  building  areas  (E/F) 

6  Weak  building  areas  (G/H/I) 

7  Upgraded  fallout  shelters  (XU) 

8  Corrugated  steel-arch  shelters  (Y) 

9  Trench-type  expedient  shelters  (XBj^) 

10  Exposed  (i.e.,  people  caught  in  the  open  by 

direct  weapon  effects  on  their  way  to  shelter) 

The  index  values  for  stay-puts,  home  basements,  and  exposed  (i.e.,  1,  2,  and  10) 
could  be  changed,  but  to  do  so  would  require  that  a  number  of  changes  be  made 
to  the  computer  program.  This  does  not  apply  to  all  other  shelter  types,  and 
the  user  is  free  to  assign  index  values  to  these  as  desired. 

The  index  J  usually  is  used  to  refer  to  the  various  events  that  occur  over 
time  in  the  scenario.  There  are  currently  nine  events  considered,  and  they  are 
listed  below: 


EVENT 


DESCRIPTION 


1 

2 

3 

4 

5 

6 

7 

8 
9 


Shelter  Assignment 

Warning 

Blast  Posture 

Detonation 

Rescue 

Fire 

Water 

Ventilation 

Emergence 


The  index  K  refers  to  region.  Currently,  there  are  three  regions: 
risk  (K  *  1);  host  (K  -  2);  and  neither  (K  -  3).  The  final  index,  L,  is 
used  for  the  values  defining  the  probability  distributions.  Thus,  for  the 
default  distribution,  L  •  1,  2,  3  refers,  respectively,  to  the  "low",  "best", 
and  "high"  estimates. 

Table  A-1  defines  each  input  variable  to  the  MCPOPDEF/POPDEF 
model.  The  variables  appear  in  the  same  order  as  in  the  input  listings 
contained  in  Figures  A-1  and  A-2.  Note  that  the  input  variable  names  are 
not  identical  to  those  used  in  the  Program  Analysis  Model  (PAM) .  For  example, 
FCRR(L)  is  simply  FCR  in  PAM,  PP(I,K,L)  is  FA;  and  FRCDP(N,K,L)  is  FPF.  These 
and  others  are  noted  in  Table  A-1. 


Table  A-1 


NAME 

NOTPRN 


NREG 

NPSILL  (K) 

NSADLL  (K) 
PSILEV  (I,  K) 
ERDLEV  (I,  K) 
AEM  (I,  J,  K) 

FCRR  (L) 


TROPP  (K) 

PP  (I,  K,  L) 

PRPOP  (L) 

FSL  (I,  K,  L) 


INPUT  VARIABLE  DEFINITIONS 

DEFINITION 

Print  control  parameter  for  NTORTIL-l  (for  NUMCYL  >  1, 
control  Is  overridden) .  The  allowable  values  range  from 
0  (most  detailed  printout)  to  3  (most  abbreviated 
printout  showing  only  nationwide  totals) . 

Number  of  regions. 

Number  of  PSI  levels  In  the  attack  environment  matrix 
(AEM)  for  region  K. 

Number  of  dose  levels  In  the  AEM  for  region  K. 

I—  PSI  level  in  the  AEM  for  region  K. 

I—  dose  level  (measured  in  ERD)  in  the  AEM  for  region  K. 

Fraction  of  people  (In  the  open)  experiencing  less  than 
the  I —  PSI  level  and  the  dose  level  in  region  K. 

estimate  (i.e.,  low,  best,  or  high)  of  the  fraction  of 
people  In  region  1  that  relocate  to  region  2.  (Called  FCR 
In  PAM.) 

Total  population  (prior  to  relocation)  in  region  K. 

L —  estimate  of  the  fraction  of  people  In  region  K  assigned 
to  shelter  class  I.  (Called  FA  In  PAM.) 

Probability  associated  with  the  L—  shelter  assignment. 

L—  estimate  of  the  stay-put  fraction  for  shelter  class  I 
In  region  K  (Called  FS  In  PAM.) 
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Table  A-1  (Continued) 


NAME 

DEFINITION 

PEL  (I,  K,  L) 

estimate  of  the  fraction  caught  In  the  open  by  direct 
weapon  effects  on  the  way  to  shelter  class  I  In  region  K. 

(Called  FE  In  PAM.) 

OPLEV  (I,  L,  M) 

estimate  of  the  MLOP  (M  -  1)  or  MCOP  (M  -  2)  for  shelter 

class  I.  (Called  MLOP  and  MCOP  In  PAM.) 

OFFRAC  (I,  L) 

Probability  associated  with  the  estimate  (for  either 

MLOP  or  JiCO?)  for  shelter  class  I. 

FBOUND  (I) 

Absolute  upper  bound  on  MLOP  for  shelter  class  I. 

NUMCYL 

Number  of  Monte  Carlo  cycles  to  be  run  (when  NUMCTL  ■  1, 

each  variable  subject  to  uncertainty  Is  set  equal  to  the 

"best"  estimate  and  the  model  Is  run  In  the  POPDEF  mode 

when  NUMCYL  >  1,  the  model  Is  run  In  the  MCPOPDEF  mode). 

PFF  (I,  L) 

L—  estimate  of  the  rated  protection  factor  (PF)  for 

shelter  class  I.  (Called  PF  In  PAM.) 

PFN 

Rated  PF  after  shelter  emergence  for  the  case  of  non- 

remedlal  movement. 

PFM 

Rated  PF  during  movement  for  those  people  provided  remedial 

movement . 

PFR 

Rated  PF  after  the  move  for  those  people  provided  remedial 

movement. 

DDFOP  (I,  K,  L) 

estimate  of  the  fractional  Increase  In  MLOP  for  shelter 

class  I  In  region  K.  (Called  AMLOP  In  PAM.) 

DDCOP  (I,  K,  L) 

L—  estimate  of  the  fractional  Increase  In  MCOP  for  shelter 

class  I  In  region  R.  (Called  AMCOP  In  PAM.) 

TableA-1  (Continued) 


T.  . 


FRL  (I,  L) 


DEFINITION 


Fractional  Increase  In  rated  PF  for  shelter  class  I. 


(Called  APF  In  PAM.) 


DPF  (I) 


FRCDP  (N,  K,  L)  estimate  of  the  fraction  of  people  that  get  the 

Increased  PF  In  home  basements  (N  ~  1)  and  all  other  shelter 
classes  (N  -  2)  In  region  K.  (Called  FPF  In  PAM.) 

FTU  (I)  Fraction  of  trapped  survivors  In  shelter  class  I  who  are 

unlnj  ured . 

FRL  (I,  L)  L—  estimate  of  the  fraction  of  trapped  survivors  who  are 

rescued  In  shelter  class  I.  (Called  FR  In  PAM.) 

PSIR  Dividing  line  PSI  level  for  remedial  movement  of  trapped 

survivors  who  are  rescued. 

FRRR  (K,  M,  N,  L)  estimate  of  the  fraction  of  those  rescued  who  are 

provided  remedial  movement  below  (M  ■  1)  and  above  (M  ■  2) 
PSIR  for  home  basements  (N  ■  1)  and  all  other  shelter 
classes  (N  «  2)  In  region  K.  (Called  FRR  In  PAM.) 


PSIFF 


FFL  (I,  L) 


FFSML  (I,  L) 


FFSS  (I) 


Dividing  line  PSI  level  for  the  fraction  of  untrapped 
survivors  who  are  forced  from  shelter  by  fire. 

L—  estimate  of  the  fraction  of  untrapped  survivors  who  are 
forced  from  shelter  class  I  by  fire  when  the  overpressure 
Is  above  PSIFF  (below  PSIFF,  none  are  forced  from  shelter) . 
(Called  FF  In  PAM.) 

L—  estimate  of  the  fraction  of  those  untrapped  survivors 
forced  from  shelter  class  I  by  fire  who  survive  fire. 

(Called  FFS  in  PAM.) 

Fraction  of  those  untrapped  survivors  not  forced  from  shelter 
class  I  by  fire  who  survive  fire. 


i 


Table  A-1  (Continued) 


NAME  DEFINITION 

PSIF  Dividing  line  PSI  level  for  remedial  movement  of  those 

forced  from  shelter  by  fire. 

FFRR  (K,  M,  N,  L)  L—  estimate  of  the  fraction  of  those  forced  from  shelter 

by  fire  who  are  provided  remedial  movement  below  (M  ’*  1) 

and  above  (M  -  2)  PSIF  for  home  basements  (N  ■  1)  and  all 

other  shelter  classes  (N  »  2)  in  region  K.  (Called  FFR  in  PAM.) 

PSIFW  Dividing  line  PSI  level  for  being  forced  from  shelter  by  lack 

of  water. 


FW  (I,  K,  M)  Fraction  of  survivors  forced  from  shelter  by  lack  of  water 

below  (M  “  1)  and  above  (M  *  2)  PSIFW  in  shelter  class  I  in 
region  K. 


PSIW  Dividing  line  PSI  level  for  remedial  movement  of  those  forced 

from  shelter  by  lack  of  water. 

FWRR  (K,  M,  N,  L)  L—  estimate  of  the  fraction  of  those  forced  from  shelter  by 

lack  of  water  who  are  provided  remedial  movement  below 
(M  ■  1)  and  above  (M  ■  2)  PSIW  for  home  basements  (N  ■  1) 
and  all  other  shelter  classes  (N  >  2)  in  region  K. 

(Called  FWR  in  PAM.) 

FV  (K,  K)  Fraction  of  survivors  forced  from  shelter  by  ventilation 

problems  in  shelter  class  I  in  region  K. 


PSIV  Dividing  line  PSI  level  for  remedial  movement  of  those 

forced  from  shelter  by  ventilation  problems. 

FVRR  (K,  M,  N,  L)  L—  estimate  of  the  fraction  of  those  forced  from  shelter  by 

ventilation  problems  who  are  provided  remedial  movement  below 
(M  ■  1)  and  above  (M  ■  2)  PSIV  for  home  basements  (N  ■  1)  and 
all  other  shelter  classes  (N  “  2)  in  region  K.  (Called  FVR 
in  PAM.) 
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NAME 

PSIE 

FERR  (K,  M,  N, 


TA  (K) 
TRL  (L) 
TF 

TWR,  TVJN 

TVR,  TVN 

TER,  TEN 

TM 

ERDFMU 

ERDFMI 

ERDCMU 


Table  A-1  (Concluded) 

DEFINITION 

Dividing  line  PSI  level  for  remedial  movement  of  those 
leaving  shelter  at  the  nominal  emergence  time. 

L)  L—  estimate  of  the  fraction  of  those  leaving  shelter  at 

the  nominal  emergence  time  who  are  provided  remedial  movement 
below  (M  ~  1)  and  above  (M  ■  2)  PSIE  for  home  basements 
(N  >  1)  and  all  other  shelter  classes  (N  ~  2)  in  region  K. 
(Called  FER  in  PAM.) 

Fallout  arrival  time  In  region  K. 

L—  estimate  of  the  time  at  which  trapped  survivors  are  rescued. 

Time  at  which  people  are  forced  from  shelter  by  fire. 

Shelter  leaving  time  due  to  lack  of  water  with  (and  without) 
remedial  movement. 

Shelter  leaving  time  due  to  ventilation  problems  with 
(and  without)  remedial  movement. 

Nominal  shelter  emergence  time  with  (and  without)  remedial 
movement . 

Time  duration  of  remedial  movement. 

Median  fatality  dose  level  for  blast  uninjured  people. 

Median  fatality  dose  level  for  blast  Injured  people. 

Median  casualty  dose  level  for  blast  uninjured  people. 

Median  casualty  dose  level  for  blast  Injured  people. 


ERDCMI 


OUTPUT  DESCRIPTION 


The  MCPOPDEF  model  was  run  using  the  Input  data  shown  in  Figures  A-1 
and  A-2  of  the  previous  section.  The  resulting  output  Is  shown  In  Table 
A-2.  (The  format  of  the  outputs  produced  when  the  model  is  run  in  the 
POPDEF  mode  is  not  discussed  here.  It  is  described,  however,  in  Section  V 
of  the  companion  volume  "Effectiveness  of  Civil  Defense  Systems",  by  Strops 
and  Devaney.) 

Results  are  shown  first  for  the  entire  country  and  then  for  each  of  the 
three  regions  (risk,  host,  and  neither).  After  giving  the  total  population, 
mean  values  for  total  survivors  and  radiation  uninjured  survivors  are  listed 
in  several  subcategories.  (All  quantities  are  currently  expressed  in  millions 
of  people.)  Thus,  total  survivors  are  divided  into  those  receiving  remedial 
movement  and  those  without  remedial  movement.  Within  each  of  these  categories, 
the  survivors  are  subdivided  into  those  that  are  blast~uninjured  (MU)  and 
those  that  are  blast-injured  (MI).  Finally,  each  of  these  categories  is 
subdivided  into  those  that  were  trapped  and  then  rescued,  forced  to  leave  by 
fire,  lack  of  water,  and  ventilation  problems.  Those  staying  until  the  normal 
shelter  emergence  time  as  well  as  the  sub-total  over  all  of  these  events  are 
also  shown. 

The  next  section  of  output  gives  mean  values  and  standard  deviations  for 
each  of  several  subcategories  of  survivors  (not  injured,  blast  injured,  etc.) 
as  well  as  total  survivors,  and  the  final  section  of  output  gives  mean  values 
and  standard  deviations  for  fatalities  caused  by  blast,  radiation,  and  other 
causes  (l.e.,  fire  and  entrapment)  and  total  fatalities. 
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Table  A-2 

SAMPLE  CASE  OUTPUT  LISTING 


TOTAL  UNITED  STATES  POPULATION  -  211.774 


TOTAL  SURVIVORS 


REMEDIAL 

NON-REMEDIAL 

MI 

MU 

MI 

Rescue 

.059 

.038 

.070 

1.496 

Fire 

.002 

.002 

.292 

.162 

Water 

.439 

.002 

.657 

.051 

Vent 

.744 

.019 

2.120 

.568 

Emergence 

101.365 

.157 

44.358 

5.754 

SUBTOTAL 

102.611 

.217 

47.498 

8.032 

RADIATION  UNINJURED 

REMEDIAL 

NON-REMEDIAL 

MI 

M 

MI 

Rescue 

.056 

.034 

.054 

1.074 

Fire 

.002 

.001 

.189 

.103 

Water 

.362 

.001 

.471 

.034 

Vent 

.676 

.018 

1.655 

.428 

Emergence 

96.397 

.138 

36.784 

4.366 

SUBTOTAL 

97.492 

.192 

39.153 

6.005 

ULTIMATE  SLUVIVORS 


MEAN 

STDV 

NOT  INJURED 

136.645 

6.563 

BLAST  INJURED 

6.197 

.768 

RADIATION  INJURED 

13.463 

1.664 

BLAST  RADIATION  INJURED 

2.052 

.267 

TOTAL 

158.357 

5.670 

FATALITIES 


MEAN 

STDV 

BLAST 

32.121 

4.271 

RADIATION 

20.905 

3.063 

OTHER 

.391 

.092 

TOTAL 


53.417 


5.670 
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Table  A-2  (Continued) 


TOTAL  REGION  1  POPULATION  -  32.951 


TOTAL  SURVIVORS 
REMEDIAL  NON¬ 


MU 

MI 

Rescue 

.015 

.010 

.046 

Fire 

.001 

.001 

.129 

Water 

.166 

.002 

.589 

Vent 

.459 

.019 

2.050 

Emergence 

.866 

.035 

3.785 

SUBTOTAL 

1.507 

.066 

6.599 

RADIATION  UNINJURED 

REMEDIAL 

NON- 

MU 

MI 

Rescue 

.013 

.008 

.035 

Fire 

.001 

.000 

.076 

Water 

.147 

.001 

.429 

Vent 

.439 

.017 

1.608 

Emergence 

.725 

.024 

2.894 

SUBTOTAL 

1.325 

.051 

5.041 

ULTIMATE  SURVIVORS 

MEAN 

NOT  INJURED 

6.366 

BLAST  INJURED 

1.794 

RADIATION  INJURED 

1.740 

BLAST  RADIATION  INJURED 

.841 

TOTAL 

10.714 

FATALITIES 


MEAN 

BLAST 

16.172 

RADIATION 

5.858 

OTHER 

.207 

TOTAL 

22.237 

REMEDIAL 

.421 

.079 

.049 

.562 

1.431 

2.542 


REMEDIAL 

1C 

.284 

.044 

.033 

.424 

.957 

1.743 


STDV 

2.411 

.577 

.661 

.258 

3.760 


STDV 

4.925 

1.947 

.076 

6.712 


Table  A-2  (Continued) 


TOTAL  REGION  2  POPULATION  -  176.070 


TOTAL  SURVIVORS 


REMEDIAL 


NON-REMEDIAL 


MU 

MI 

MU 

Rescue 

.044 

.027 

.025 

1.0 

Fire 

.001 

.001 

.161 

.01 

Water 

.000 

.000 

.000 

.0( 

Vent 

.000 

.000 

.000 

.0( 

Emergence 

100.190 

.122 

40,261 

4.3; 

SUBTOTAL 

100.235 

.151 

40.447 

5.4( 

RADIATION  UNINJURED 
REMEDIAL 


NON-REMEDIAL 


Rescue 

.042  .025 

.019 

.7 

Fire 

.001  .OOi 

.113 

.0 

Water 

.000  .000 

.000 

.0 

Vent 

.000  .000 

.000 

.0 

Emergence 

95.449  .114 

33.681 

3.4 

SUBTOTAL 

95.492  .140 

33.813 

4.2 

ULTIMATE  SURVIVORS 

MEAN 

ST 

NOT  INJURED 

129.305 

8.1 

BLAST  INJURED 

4.387 

.6 

RADIATION  INJURED 

11.377 

1.8 

BLAST  RADIATION  INJURED 

1.230 

.1 

TOTAL 

FATALITIES 

146.299 

8.5 

MEAN 

SI 

BLAST 

15.737 

1.3 

RADIATION 

13.855 

2.9 

OTHER 

TOTAL 

.179 

29.771 

.0 

3.3 
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Table  A-2  (Concluded) 


TOTAL  REGION  3  POPULATION  -  2.753 


TOTAL  SURVIVORS 


REMEDIAL  NON-REMEDIAL 


MI 

MI 

Rescue 

.001 

.000 

.000 

.005 

Fire 

.000 

.000 

.002 

.000 

Water 

.274 

.000 

.068 

.002 

Vent 

.285 

.000 

.070 

.006 

Emergence 

.309 

.000 

.312 

.010 

SUBTOTAL 

.869 

.001 

.452 

.023 

RADIATION  UNINJURED 


REMEDIAL 

NON- 

-REMEDIAL 

MI 

MU 

MI 

Rescue 

.001  .000 

.000 

.003 

Fire 

.000  .000 

.001 

.000 

Water 

.215  .000 

.042 

.001 

Vent 

.237  .000 

.047 

.004 

Emergence 

.222  .000 

.209 

.006 

SUBTOTAL 

.675  .001 

.300 

.014 

ULTIMATE  SURVIVORS 

MEAN 

STDV 

NOT  INJURED 

.974 

.110 

BLAST  INJURED 

.015 

.003 

RADIATION  INJURED 

.347 

.019 

BLAST  RADIATION  INJURED 

.009 

.002 

TOTAL 

1.344 

.124 

FATALITIES 

MEAN 

STDV 

BLAST 

.212 

.019 

RADIATION 

1.192 

.120 

OTHER 

.005 

.001 

TOTAL 


1.409 


124 
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PROGRAM  LISTING 


CCHK0N/*1*TRlxy*eN<tS,tSt3l«PStLeV(  ISi  SltCROLEVdSf  3ltNPSILL(3>t 

_ ^*3LL«ll _ - _ 

C0H^'O'^ytbC/NRC6«NAAOl•PI9.3I.FSI9,3I.FEI9•3l«TPOPI3l|FliCSHLC3l• 

_ IFrClK  (  3jJ  •  tlOJ  ‘  It*  I.C0Pa0».T0PU0».PFI9  >  .  PF  V.PF  H.PFB.PFOP  UOt  }  1 1 _ 

p'OCOPUJil  i  (CPF  l9r,FOP«l  iutSl  .COPAriOi  31  tPFAlPI  iFRCOPFI2t3l  tFTUI9», 

3F«H9l,PSlR.FRRt3.?.2>tfFt9I.FFSMI9I.FfSS«9I.PSIF. _ _ 

iiPSlFk.FH(9,3,2l  iP$XW.FiiR(3,2,2I.FV(9,  31 .  PSl  V  ,F  VR I  3 . 2,2 1  f  PSIE  t 

_*FCR  «  i_,ij21il»<  3l.TR.rF  .  TwR.  ?,■< .  TVR  ,  TV«<.  TER .  TENiJHiNOTPRNi _ 

6L30Fi4U.Ent)F»<l7L'<:UCku.E<;CCPl.FaF0PI  1C.  3>  .IFO**!  1C,3)  ,FRCOPCia,3l  • 

_ 7icorn^.ii,^FRTOP«jLil*j3^o]!J’jJ»*f^’*Ji*<3'*l**Ji5.L3»., _ _ 

?FRPSF<<3l7'lPSiF  U(3t.FaPSlU(31.1Ps'lUI3i.FliPSIVI3)  .IPSIVCSI, 

CFBPSiriH.lPS  IF<3I  .  FRPSl  C  t  3  > .  1 P  S 1 E  I  3 1  . _ 

3PFcaH9.S.3I.PF£f,ll9.&.3I.PFER2l9.S.3I.PFEM2l9,S,3l  • 

_ 11  FJiUft  1  1 9  4^*  ,  31,  FFHIR  H9.5. 31lIF  « I R IJ  9  ^5 ,  S_)  ^F  CHUR  1  H,  5 , 3  Ij _ 

2FCNlR'll9,S,'3i.lChiait9,S,3i,FFnUMl(9iS.3l  ,iFnUMll9,S.3i, 

31Fp1NH9j5lJ1  .FCMUM  .FCM1N1I?,5,3», _ 

AF  F HURT  <9,0 , 3T,iFMUfi2 1 9 , £ ,  f'l  ,F  F i*  1  R2l  9 ,  S ,  s'l ,  1  FMl R2 1 9 , 5 , 3 1 , 

ilCMOR? <9.;.3I.FCMTa2(9.5.3l.lCWIft2(9.S.3>.FFMUw2< ? .5.3) . _ 

AFF^flNZ  <9,0, 3)  .XFMIK2I9.S,3I  ,FCHUr)2l9, 5,  31  •lCHU)42<9,5.3i  , 

_ ^7 1 C P I K 2  < 9_,  5  ,J  I  ,_P U  11_C> . ILiP •'filt-J i •  DE T U <  IJ,  31  ^DE T IJ  1 3 , 3J  , SUTI9.31. 

eSUN<9,'3l  ,SlTV9,3t  ,SlN<973),SU<9V9r3l.  Sl<9,l|.3'l  ,HU<9,5.3), 

9HUR<9,S.3l|HUN<9,5,3l,)<IR<9,b,3l,PlH<9,5,3),TSMUR<9,t,3j _ 

'CO!ikON/bE>''/RUHua<9,6,3)7'F'iiR<  I0.3V.  TSMUN<9,b.3t  •RUNUN<9.6«3)i 

_ 2a  UP  I  a  <  9  .3».TSH  I M  <  9,6.3)  .RUPIN  )9,6.3>.FaTT  <  1  OjU  iF  IJB  110.3). _ 

3F4'rd'<iu.i),5.'<I<973T,Sal<9,3).Sai<9,33  ,seRll9,3),ST0T<«,3). 

9aFR*C<i),FFaAC<3),FRFK*C<3),^»C<3),WF_R*C<3ltEFW»C<3), _ 

■"'Sicku*;!  19,57  3)  ,F>krNl<9,l,~3')7lCPlNl  <5~,'5,3r,FCHUR2'<9,573) , 

6irMUN2<9.5. 3).FCMIK2<9.5,3),TSHIR<9.6,3) .FFR<3.2,2>  _ 

■“  TFFHURl  <9,S,3)  ,Pli97§,3);PF|fri0  73)‘ 

_ COHPJ^/6Hl/CFRAC<10.A).OPLEV<IO,5.^).DtEV<10.A.3). 

ioTfraci  iu.'aT.f  B3uN0<rj),‘<uHCyL,7, 

?00F  OF  113,3,3),  OOCOP  U3 . 3  •  3 ) , PP 1 9 , 3 , 3 ) , PRPOPJ  3_) ,  _ 

3F9aP  1 3 , 2 , 2 , 3 )  7F  FRR'i  3,2  ,■2, 3 )  .'Fmk'rI  ST2T  2,  rriF  VRR 13727271) . 

9FEKa<3,2,2,3),FRCnP12,3j3)j_  _ _ _ 

SFFrPACllj, IPOPP13),FCSR13),FCR7pSIFF, 

_ 6FJL  l_9j  3 .3),FtL  1  9,3,  5  ).FRL<9,3), _ 

7TRU3)VFFL19,3T,FFSpL19,3) 

CONPON/JkL/  TSHUnK<6,3),TSMIRMI6,3),TSHU)IMI6,3), 

TnMiNF  iTTITTRUmURK  1  6 , 3T7R'OnIRK16,i),RU))UNNU7'3)i 

«TSPURU<6  I  •TSHiaU<6)  •TSPUriUlE), 

♦  TSm ivu  1 6 ) , HUMoaur5T7H'UfilHui 6 ) • 

«i;UHUNU16  )  .RUPINUI  6  )  , 

♦  ?i7H;f,K16,3)  ,SN.lKi3)  ,£E1K<3),SRIKI3)  ,SBRIKI3),ST0TKI3), 

«FATeN 13) ,FATRK)3) ,FATaK<3),FATrKI3)j _ 

♦  J  *nuI7S8 1  US  7SRIuS ,  sSR  fuSTlT^o'S , 

•F ATOUS.FaTRUS.FATOUS.FATTUS.TPOPUS 

*0 1  M£  N  :  I  ON  E  V  AL  J 1 6  >  7  S'  f  0  V7)  1  4 , 6  rr£VAL19)  ,STD9<Vi 

_ C I  rtC  N  ;•  I  Ot.  AVEJN  <a,6,3),  MARj)Ma,6,3) _ 

&iS5N£iO-.  Avrj’U3,3),WARJIlC,T) 

OlNENdSN  NAHA  I6),NAH3IS),NAN6)S) 

CMjRTCT£fi'7;AH6*9,'NAHS*2J7N[ni£*2I 


DATA  KAH4/9HRESCUC  t9HFIRe  (9HUAieR  t9HVeNT 

«9HCKEi:CCKCe  •9H3U3T0TAI.  /  _ _ _ 

OAfA  NA'4i,/2'3H;rOT  IhJURCO  ,23HitLAST  INJURED 

_ ♦  2Jh?A01.UI0 N  lUJUfltO _ .23H8LAST  RADIATION  INJURED. _ 

♦2IHTOTAL  ’’  / 

DATA  \AXfc/¥H3LAST  .9HfiADI AT10M.9H0 TMER 


«9M  ,9HT0TAL  / 

call  InDaT  _ _ 


IFINUHCYL.EC.IIGOTO  21 

03  1C  NAli S  _ _ —  ^— 

"oo'io  j:i,t 

tWALJ«;.t  Jl:0. _ 


SF|,':VJfiV|JIAQa 

lb  CONTIKUE  _  _ 


DO  20  n:i.9 
EVALiCCC. 


STOVIMtu. 

2C  C3f.Tir.UC _ _ 


00  5  ‘iiliS 

_ pq_S  Jiii6 _ _ 

O'O  S  A:r,3 

AVEJK  IN, J.K  l=Qj _ 


VARJk  (Nt  J,K  CO* 

b  CONTiruE  _ _ 


bO  7  ‘.SI, 10 

_ 00  7  f:1  ,3^ _ 

AvtJ(S7»<’Cu. 

_ VARJIN,K»;J^ _ 

7  CONTINUE”' 

21  call  RanSETTZI 


00  2bn  nctl:i,nuhcyi 
IFfNur'CYL.EO.llGOTO  83 
rRSRANOOMITRLtl l(TRL<il«TRI 
30  92  iri,9 

FF  Tr»'= SAN  0  0  H  f?  F  Flt,ll.PFFIl,2),PFFIl»3)tZI 
92  CCNTir.UE 


DO  94  1=1,9 

_ PFACI  )  =  U.«OPFni  >»PFtH 

4  cotrrTNuf 

call  FFFILL 


00  Zfl  Cl  ,i 
00  24  J=1,S 


03  2b  k:1,nR£G 

_ nbacl=noaoll>ki _ 

PTrCPFERU  I.JfKI 

_ PFNCPFEMlI.JtKl _ 

f>Frf2  IFF  •  n  2  ( I  ,  J  ,K  » 

PFn2:FFE.'.2(I,J,KI _ 


LSO:tKbF«U*PFHl 

call  FINOTER  OLLV.NRADLtP.ERD.FFHUHUl  ,  J.K  )  .  IFMURU  I  .  J.K  I  I 
EfiOREROFhCPFR  1 

CALL  FIMO»EBOLtV,NRAOL,P,ERD,FFHIRm  ,  J,m  ,  IFMIRH  I  ,  J.K  H 
rsu^iTflCHu  jinr  ffi 

call  F lNb(EROLLV.NMAbL,K,CRO,FCnURl 1 1 , J , K I , ICNUR 1 1 1 , J .K I  I 


eFb=tFUChl*PFHl 

call  FINUIEFOLEV.NRAOL.K.ERD.FCMIPKI.JiKI, ICMIRIII .J.KI I 

L  f«  t  r'iV^  t  ^a'a  ~ 
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1C9:  CALL  FlNUieRDLLV.NRAOLtK.taOtFFnuNlil  iJiHltlFKUNK 

_ uoj _ ebo;ei<ofmi«pfni _ 

Hi:  CALL  FlNUUROLeVtNRAOU.K,CRO,FFHlNlll,J,KI,IFHINl( 

il2: _ EBDJEFDCWU»PFNi _ 

iil:  CALL  FlC'uTiFDUtV.NRAOLtN.ERO.FCHUNlCl.J.KI.ICKUNlI 

_ iijijj _ E“Orti-u;»i»PFN-: _ 

Hi:  CALL  FlNUUr.CI.LV.NRAOt..K.ERD>FCHlNlil,J,K),ICKINll 

lit: _ ESOl£RCFP.U*PFB2 _ _ _ _  _ 

117:  ■  call'  Fl>i(jlEfiO'LEV;NfiAOLtK.EftDrFFnuR2ir.  j\KI  ,IFnUR2C 

lib: _ EBD:ErOFMI*PFPi  _ _ _ 

IISY  CALL  Fl')L'<LPUL£'Vt»ARAOLtK.ER0(FFH'iR2tltJtKtiIFHIR2l 

1 ;  -  : _ EQQlfcBCi C^- U •  PF^Ki _ 

""iai:  CALL  Fl*!C>(LBOLLV,NRAOLtH,ERO.FCHuR2tl|JtK),TCKUR2l 

1:2:  _ £  =  t:tPCCt.I*PFR2  _ _ 

"  ■  12  3:'"  'Ca-LL  F  l>i(j<LROLLV,HfrAOLtK,ERDtFCHIR2ll  t  JtK)',ICMiR2T 

124:  £BU:t9UFhU*PFH2 

I2i;‘  CALL  FliiU«EROL£vVN'RAOL«K,CRD«FFMUN2il  ,JtHt.IFHUN2T 

_126  j _ CRO  =  EgOFMl«PFR2 _ 

177:  CALL  Flr<0(CROLeV|NRAOL«K,ERO«FFMIN2lX  ,J,H),1FH1N2I 

12c!  £S0:LrCCKU*PFM2 

■■'129!  CALL'F  INKCROLLV.HR'tOLiK.ERD.FCMU'Nfn  t  Ji'K  >  •  I CHUN2  f 

17o!  £RO:£FtCM*PFf<i 

■■“I3i!  CALL'F  INC)  rtROLtW  ,NR  AOL  ,K  ,  tRTTJTCMi  HT i  t  ,  J  ,K  1 V1CMIN2  « 

_ ±3 Zi  28  CON T Ij;^ E _ 

173:  00  zi  KAI.NREG 

134:  00  Zi  IsiilO 

""  13b  :  '  'OFQP  «  I  ,K  rs«  AN00«r00F0Pn7K7r»  .66?6pTI  ,Ai  2'i  .O'DFOPt  1 

13c:  OCOP|l,K|:RANI)OH(OOCOPIItK,li«COCOPIl,K.2(iDOCOPIl 

"137:  ?rC0«TlNuE  '  ’  '  . .  '  ' 

_ 13 i_s _ 00  2t  ASl.NREG _ 

Trs:  00  Zb  f'si.2 

140:  00  2(  h:it2 

■  ~T4  If  fRR  (  K  ,  «  «  N  rsrANOWfFlFftft  «K  I  M','N,li,rRRRl  K  •  H ,  N  »  2  >  I F  RRR' 

1«2:  FFR(h  ,m,m:panOOH  (FFRRIK 1 1  ,FFRR|K,H,N,2I  (FFRR 

'143:-  ■  FWRU  «r,,MSRtSOOH'lf  «fiftCitt?’»A*TirTT«f^T*H|M,N,2>  ;F'wRR 

144  :  f  VRIK  ,rt,M:PANUOHlF  VRR(K,A<,A!,  1 1  ,FVRR(K,H|A|,2l  fFVRR 

TAin  mn'R  , m , l ^RANoOMIF  ERRIK.P.iN,  1 1  ,^ERAih,h,n,2I  ,ferr 

146:  26  continue 

T4  7T  00  27  R:t,'sREG'  '  "  '  " 

14(.:  00  27  N:i,2 

■  IaV:  TfiCUPF  (N,Ki:RA>(0uN'(F'RC0BiN,K,T)tTRi:'or(N«Kt2>fFRCOP 

ILj!  27  continue 

151:  00  63  k:i,S 

1S2:  00  61  i:2f9 

1  f.  3:  ■  F  s  ( 1 ,  K I  iN  iNOffsrn^scTi  I K 1 1 » t  rsiTT  i ,  aTTI'iT'sltttr  I  r»  iTr 

154:  61  FCIl,M|:bAN00N(Ft.LlltK.ll.FEL(ltRt2liFEL(XfK,3l«2l 

l5Sr“  ¥J  CONTTnuC 

156:  00  62  l:l,9 

rm  rR(I|:A-ANOOP(FhL(Itll*FALtt  ,21.^RL«X|  lliZl 

ISd:  FP(X  ISKANOONIFFLdf  lltFFLIX.Zl.FFLIXt  31.21 

£59:  62  ■FFSNrxi:hANo0p<?Fr«cTTrrr7rF'SPLiT.TrrFFSMLTTTnTrr 

l£u:  call  nuCA 

Ttl:  i«  Call  NA IN 

162: _ CAL^  EVAUJ _ 

rm  ITT tl U"C r L.NE.XIGOTO  29 

1F4:  CALL  OLTl 

i*ii:  GOTO' 7b  ■ 


l.JiKlI 


X.J.KII 


XiJ.KII 

X.J.HII 

xTj.kTT 


X .JfKl  1 


IiOlKlI 

iTj^ioT 


liJ.Kll 


X .J.K)  ) 

X  I J  ■  K  1  1 
i.'jThiT 


.K|3I.2I 


IK.M,N,3) 

IK.P.N.ST 

tW,N,N,3l 

iK.niM.X) 


IM'.K,3>  .21 


JiilbliGi. 

yjAOta  COr ::  : 


\  *  i  WVn.  S  i 
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J.  . 


1(>6:  2S  00  3u  J=l<6 

_167  8 _ lY-**- J  ‘  •  J  I  =  EV*LJ>1.  JMTSMUBUIJl 

1(T:  STO'vj(r;j'>:STOVJ(lfl>*(TSHuPUIJi 

_ 14  9  8 _ £»tLJI2iu  lSE9«LJ«2.JI«TSMIHm  J1 

1708  sr0VJI2iJi:sr0vj(2«JI«l TSHXnut Jl 

1718 _ EV*IJ>3.JISEV*LJH.  JMTSMUwUI  J> 

17i8  S70'VJ(3f  J):<70VJ(3«  J)*<7Smu8.UIJ) 

__172  8 _ EV*lj(«  iJi:EtfiLJ(>>_t  JL*TSniuu<  Ji 

;7<*s  ■  STUVj(9,jl:&TCv'jl««  j>*iTS'MINU(  ji 

_17£s  _ EVALJli  iJi^eVALJIS.  JMRUNURUI  Jl 

l7tT  ST0WJ«S,J|sS'T09J«5,  jl«  CffUHURUe  jr 

177  8 _ EVIL  JU.JI=EV*L>llfe.  JMRUMIRUIJI 

17b 8  STOVJU t Jl:$T0VJ(6, Ji* IRUKIRUIJI 

17'.  : _ £VlLJ<7tW»  =  fVALJ«7,  JMBUMONUlJl 

lh.lV  STOvj(7«Jl:stcvJ(7tJI*lftUMU8jul  jl 

1518 _ _CVAL  JI4  JI«^UHINUi^ 

■'irzs  ■'  STO^jiaijr:sTOvJiafJ>*iPUHiNuij) 

_16  38  30  CO  NTII.U  C _ 

~  14<«8  EVALin?tVALill*SNlUS 

1SS8  _ STOW  n  l=S7DWtH«SWlUS«*2 _ 

■  "ie  b  8  ■  £  vIl  ( Ti  it.  V  AL  ( 2 1  *  $e  I  US' 

1S78 _ S70V<2i=STOV8  28«S51US*»2 _ 

■  £VAL  (3i:LVAL  j31«»PlUS 

1P98 _ STQVI  3ISSTDV(3I«SR1U5*»2 _ 

19u8  EVAL<«  ClVALUMSBRIUS 

1918  S70VI<i|:STUVm)«SeRIUS**2 

19  2  8  EV  AU  I  5  8  St »  AT. « 5  1  ♦  i TO  TuS 

1938  STOVCSISSTOWCS l«ST0TUS**2 

ibii;  £VAI.(«  i:bVAL  (6  t  lFATBUS 

_ 19 SS _ STQVU  IIST0V<6  1«FATS0S»*2 

19a8  EVAl.(7i:tVAI.t7l«FAT«US 

1978  STOV«7)sSTOV«7»«FATRUS**2 

■  ~l 9  b‘8  C  V  ALl  8T  S c V  AL  Tl » ♦  F  A  t  00? 

1998  $TCVI«i:ST0V(8i«FAT0US«*2 

"70^8  EVaL  «'9ri  tv  At  «9 1  ♦Fi'fTos 

«,r:  8 _ STDV19ISST0Vt9l«FATTUS*»2 _ 

I'ls  oc  63  j:i,b 

2':3s  00  63  KIi,3 

■  Jc*.;  A*VEJbTi;j,K>':f»?jKI  1 1  Jf  K  8  *  TSNURK 

2( SS  VARJb  I  1, J,K  8:v ARUK(LtUtK8*TSHURK 

286's  lAVEJKT^,j,i<i:£vCT8H2»JVK>«f5MTRK 

2r7  8 _ VARJA12,J,K8SVARJKI2,J.K8«TS81IRK 

2!  d8  AVEJA  l3.U,K8SAvEJKI3,JI,K8*TSKUhK 

2X9  8  VAKJh  (3,UfK  8SAVtJl(<  3»  JtK8*TSnUNK 

■“21  8  A  V  £  jv.  8  ii ,  jTk  8  =  A  V  E  ja  i  M  t  Jt « •  ♦  t  Sk  Ina" 

2118  VARJK  (<«,.8,K  8:VARJK|(I,  J,K  8«  rSniNK 

212  8  aVEJA  IS,  j,88  8:AwEJKI  5,'j,K8'*RUnuRK 

2138  VARJK  I  =  VARJKI  S,  J,Kl*ffUnURK 

“TrS8  AVEJN  16  I  JiK  UavCJKU  ,U,K  8  tRUniRK 

21S8  VAKJAIb,U,H  8:v ARJK (6, J,K  8  vRUHlRK 

2 1  tT  Tv fJii  1 77  J 7 iTf sTb'rjii « 7,  j7 R  r'-rffunUNR 

217  8  ylRJH I7,U,K  8:VARJKI 7, J,K1 »RU»UNK 

"2148  A'fft  Jh  le,  Ji'a  )i:A'v£jN  ill,  Jf  K  8  *ROnli<iK 

219  8  VARJK  U,J,K  i:VARJNia,  J,K8«RU8*INK 

“TxTI  n  fffht  I'SoE 
2218  00  as  n:1,3 

222:  ~JVC7)ll7K8:Av£jT17in^'MIKlTi8 


IJ,n) 

(J,KI««2 

Tj,ki 

|j,a)>*2 

(J,h8 

IJ,a8**2 

I  J,M8 

I 

«J,K8“ 

iu,a8»*2 
IJ,NI 
(J, 88**2 

Tj78> 

tJ,88**2 
i  J,  K8 
IJ,88**2 


V8<v;8lGOr^''- 


-  ^KA- 


■jiCAai^a 


A-27 


V*RJ( t,Ki:V«RJIl,Ki«SNlKIKI«*2 
_ *  V€  J  <  2,K  I :  tvc  SB  lUtK} 


ViHJ(2«K i:V*RJI2,K I*SB1KIKI*«2 

_ LVE-Jl  3  .K»  =  *y(EJ(3.K>«5aiK  t  K  ) _ 

V4RJI3tK):v«RJ(3.K)*SRlK|K)*«2 

AVCj(0.Kt=AVejmfKI*S9RTHIkl 


V«Rjm,M  1:V»RJI>I,MI«SBR1KIKI*»2 
AVEJISfK |:*V£ JISiKI 4ST0TKIHI 


VARJi;,KI:VARJ(S|K»*ST0TKIHI*»2 

_  AVCvKA.K  |:AV£J(6|K)«F«TeKIKI _ - 

'  V  Afi  J  1 1  ,'k  i  :  V  AR  J  I  i  I  *'f  A  TBH  (k  )*»2' 

AV£J(7,Kt:AV£J<7,KI  «F  A  t<>K  (K  I 


>RJ(7i*(  i:vAI<j|7(KI«FArRKlHl««2 

AV£jt8,t«  irAVEJIS.N  l«FATOK<K> _ _ 

V  AR  j  I  e  ,  k  i  :v  AR  j  (  8 ,  kl  «F  Af  Oh'(  K  I  *«2 
AvLjl«.i<i:AV£j(9,KI*FATTKIH| 


V*Rjl9fK>:VAfiJ(9|Kt«FATTKIKt*«2 

_ AVCJ(  1C,|\1JAVEJUC,K)«TP0PII'I  _ 


VAAj( lu.K  lAVARjtiOtK  MTP0PIKI«»2 

_ !5  CONTI\Uf _ _ 

2Co  Cdt4fi*JU£ 

00  210  N:i ,6 


00  210  J:i.6 

VAt  j  r'.iJ»:CVALJ<N.  JI/NUHCYL 


STuVwiNt  JIASOai  (A3S(  (STOVJ(N,J»>NUHCVL*rVA|.JIN,  Jt«*2t  /  INUNCri.'ll  I ) 
2U  CONTIMUE 

~  ijo  iiC  NJiVs  * 

EVALIM:lVAL<N|/NUnCYL 


ST0V(M:&0nTMST0V(>tl-NUHCVL*£VALINi*«2)/  INUnCVL-1 1  ) 
220  CONTl^lue 


22S  N:1,8 
00  22S  j:if6 
OC  2i5'kii,3 

AV£jKr<io,Kl:Av£jKIR,J,K|/NUHCVL 

V AnjkU.TJtK IRSCdTlABSI I VARJHIN,JfK 1-NUHCYL*AV£JHIN, J,K  >«*2I/ 
««*«U«CYL-in  I 


22S  COMINUL 

00  23C  Nn.lo 
■i:6'23C  k:i;3 

AVEJIN.K  |:AV£J(N,K l/NUMCVL 

V  A  «  j  f  N  ,  K  V:  S  a  R  f  (  f V  A  RTTm  t  m -N  U  lit  y'L  •  A  V  £  j  i  N ,  R  » •  •  2T/ 

•  ( NUPCYL-1 I  I 
230  CONTINUE  “ 

36  F0RPATI//I6X,17HT0TAL  SURVIVORS  -/I 
3T~rdRPAf < 17X,eHir£MlblALt«X,12HN0N-R£H£0IAL/ 

«1RX,13IIH-I,1X,13I1H«I/16X. 2HPU  t  SX , 2Hnl , 5  X . 2HPU • 

•SX',2H^'l/'lAX'',bTTH*ltlX,ft(lH>ltIX,6llH>it6llH>ri  “ 

I8  FQR^XT  I  IX,A9,3X,«|F7.3I _ 

AU  FCR>iATT//l<)X,21HRAClAriON  UNINJURCO  >/l 
A1  FORKATIZ/lXtienULTlHATE  SUR V I VOR S . 9 X , «HM£ AN « A X , AHSTOV I 
Af"f  OSniTl  //  lx  ,  lOrirA  rTLTTieTrrTxTAHHCAH,  AX,  ahHov  1 
A3  F0RPAr(lx,A23,2F«.3l 

A A  FokrAT (/ I . . . 

A8  FOkPAT (  IX  ,  1 IHP0PutAT10N:,F8.3) 

■  aRI  Tl'T  13,A9  JNUUCtL 
A9  F0KI'iT(/iX,17HKUMStP  OF  CYCL£S=,I3i 

.PITw'M^iAaI  "  * 


h . 


JS51S 

O'. 


URlTt(12. 

53  FORRATIU.IVNTOTAL  UMITCO  STATeWi 


SO  hRlTt (  13, 55  INAMAIJI • ( C V«L J I N i J i • N= I , <  > 

_ ypiTti iZjOui _ 

MPlTt(12,37i 

_00  55  j:ii6  _ 

55  UPir:  fli,  3lt~INAH«llJt',(EV«LJIMt  Ji<M:5<S  t 
UCITCIIZ.OII 


WPITLIU.ool 
_ ^DO  LC  0=^5 _ _ 

6U  WPlTk i  l/.ol  INAM5IJI lEVALI Jl tSTOVIJ) 
URITCC12,<i2l 


UPlTkill2,P<tl 
00  7U  j:6,a 


7u  >;FlTLa2.o3lN*H6«jS»,Ev«L<JI,ST0viJI 
hPfTk  j'iN«tl6(5  I  .ev*LI9l  ,STDVI9I 

_ po  i.L'  ppi.*;rc(j _ 

liPITt  (liloo  I 
0PITcU2.153tM 


Fafi''AT(U«llNTUTAL  REGION 
hPITE<  l2(510l*vejn0«KI,VARJ(  lOtKi 
inr^OtiftT  Ua'^  j5MHt*in*0Fut*fT0N:,F«.  3,PX  tSHSTDV:«F6.3i 
-Pire  U2,5b  I 
i;pnia2;i7i 
00  ISO  JPl.F 


Ut  550  wRtTLU2.5PINAnP(JI,UVEJNiN,J,N)|N:i(«r 
311t  WRITE  I i2, out 

T1 21 - WniTI/;  JTT - 

ill:  03  Its 

Tio- — rrrTJprTt  <  irr  j  a  i  ( j  i ,  a  v  rjx  i  n  ,  j ,  k  t ,  n  :  s ,  t » 

lljt  UPITt<!2.«ll 


I7C  .llTL<12f«3INAN«(j5l«A«CJ(J«KI .VARJIJ.N I 
oprTttn.R  jiNipits)  .ivejit.pitvARjiRtK) 
3Cu  continue 
■75~VT0P 


CCNP0N/M*TRI«/AEWH5.l5t3ltPSlLEV> 15, 3>.ER0LEVC 15t3»tWPSlLL(3» t 
rNPiflLm 

C0Nr<u''/4bC/NREb,NP«01,Pf9,3l,F5(9,  J),FEf  9,3I,TP0P(3I,FRCSHLI3), 

IT  RCrnTTTl'iT  or  I  lul,COPTlili,TtT'  IIO)  •PF1|9I  ,PFN,PFN,PFP,CF  op  ( 1 0 , 3  i  • 
70C0F  <li.,3l,OPFl9l,FOPA«tU,3l,COP*llO, 3l,PFAI9l,FRC0PF(2,3i,FTUI9l 


,FRS«3,7,ri,FF|9l,FFSH«9»,FF5S«9),PSlF, 

•  P51FW,_FV<I«,3,2I,P51U,FUR(3,2.^.FVI9,  3 » ,  PS  I V ,  F  VR£3 , 2, 2  )  ,PSJ.E 

5F  t  Pc  2 , 1  rrr,  T  *  (  3  iTTR  ,  TTVI^RTTUN  ,  T  VP  ,  t  VN,  Ti.p  ,  ’’tNiTM,  NOf  prn  , 


’  rJALtlY  mACtlCfibU 
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- 357 

_ 3S8 

3'5 

_ 

HT 
31^ 
'its 
3fc<» 
— Its* 
3tb 

i-cr 

3<!i 
itv 
37J 
■■■*371 
_ 37  2 

374 
“  '175 
376 

- *377 

37e 
— r7T 

_ 38i: 

3b  1 
3Pt 


*i?3r 


tCOOFMUiCKCFNlf EROCHU.CROCMlfFRFOPI ICt  3) , IFOP ( I Oi 3  1 1 FRCOP i I0| 

7K0P<lf.i.3».FBT0P(9.3t.IT0Pt9.3I.FRPSl9C7>.  IPSIRI3»t _ 

8FPPSFhil3l,lPSIFUl3l ,FRPSlUI3l,lPSIUI3 l.FRPSIVI 3I ilPSIV(3li 

_ tFFP;iF<3l.lPSlFt3I.F(;PSlE>3I.IPSlEI3lt _ 

PPFEPI <9,5.3 I.PFCNll9«S.3t ,PFeR2(9,S.3 i,PFtN2(9,S,3i  t 
1IFMUR1I9.5.3I .FFHtRH9.S.3» .lFhlBll9. 5.3I .FCMURl t9.S.3> . 
2FCHI(-.  I  (9,5, 3i  ,1CHIRH9,5,3)  (FFriUNl  <9, 5, 3I  .IFKUNl  I9,5,3)  , 

_  3^MIM  (9^,Ej_3J  ,FCMUNU9j^,  3) jICPUM  <^9, 5, 31  ,FCMIM  <9,5,3  li _ 

'uf  fKlu4  2<  9,5,3  »  ,TFmUK2<9,5, 3>  ,f  F  <*I  *2  <  9 , 5,  3  >  ,  IF  H IR2  <  9 , 5 , 3  >  , 

_ EICML'RJ  <?,5,31jFCHI<;2<9,5,I^_KKIH2<S,  5, 3»  ,FFmUN2<9,5,3Ii _ 

tFFm.\r2<9,5,  n  ,  iFMlN2('9,‘5i  3~>  ,f'CHUN2  <  9 , 5, 3  <  i  1 CHUN2  1  9 , 5 , 3  I  , 

_ 71CMI<.2  <9,5 ,31 ,Ph  <10,31 ,PWP< 9,31 .0ETU< 10,3  I ,PET1 < 13.3I.SUT<9, 

aSUN(9,3l,5IT19,3l,St<.(9,3),5Ul9,4,3l,Sl<9T4,3l,HU<9,5,3l, 

_ 9MUR<9, 5,3  lj«uv<9,5, 3l_,<UR<9,^j3JUKnL*  ,_TSMUR  <  9 ,6 , 3  < _ 

COHVc<i/6s:F/SjPuPl9i6,3l  ,F‘*TR<  1C,  3)  ,  tS*<u'N<9,'t ,  3  )',  RUPUN  <  9  Tt ,  3  I 

_  2PUMIR  19,6,3  l^,TSMr<<^,^,  31  ,RJ.'hlN<9,6|3  1  ,F*2T<  10,3)  ,  »T8  <  10.,_^ 

"iFaTCl  io,3)  ,"'SM  (9,3)  ,S51<‘9‘;3),SRI<9;3I  ,'S3R  1  <'9  ^3  »  ,  STO  ti  9 , 3 )  , 
4»FH3C<3),FFRAC13), F WFR AC <  3 1 , h FR *C <  3 > , VFP»C<3|,EFR«C<31. 
SICKURl  <9,5, 31  ,fFhIM19,5.3I  ,  1CHIN1<9, 5, 31  ,  F  CHUH2  1  9 , 5, 3  I  , 

_ 61FMUH2<9,5.3I ,fCHlM2 <9,5,31 . TSWia <9,6 ,31 ,FFP13,2,2>  ,  _ 

7FFMUfit  I9,*5, 3)',hf  l9,5,3l,PFF  <rb;3l 
CCn»:ori/GHl/CFRAC<iO,«l  ,0PL6.V<10,5,2l,0LEV<in,ii,3l, 

10FF*KACI  1C,4  1  ,F60UNC<  lu»  ,NUKC»L,2r 

200 FOP  < 10,3,3).a0C0P<lJ,3,31 .PP 19, 3, i> ,PPPOP  <  3)  , _ 

IFRRRl 3,2,2, 3),FFnRl 3,2,2,31 ,FURa 13, 2, 2,3) ,FVRR) 3,2,2,31  , 

MFESR13,2,2,3),F9C0P<2,3,3),  _ 

SFFFfiAgll)  ,fP0PP)3)  ,FcnS'<3*)  ,FCR,PSfF7, 

6F  SU  V  jJ  ,  3  ) ,  F_tL  £9 , 3 , 3  ).FPt<9.3). _ 

7  TRL  1  3  )  f  U  1*9 ,3  ) ,  F  F  S-Mj.  <  9 , 3  ) 

_ COMP  ON  U  T  SHURK <  6 ,3).TS H IRK  < 6 , 3 ) , T SHONK < b , 3  )  , _ 

4T5MrNK'l673)',RU<rUnK'<6,3)  ,RUnIRKI6, 3)  ,RUHUNK  <  6 , 3  >  , 

♦  TSMURUlb ) , TSMiNUlt ) ,TSHUNU<6  t , _ _ 

<*  T  SM  I NU  1 6  )  ,  R  J>iu’Su'( 6  )  i'fiiJPrfiU <  t  ■)■ , 

4RUnUNU<6  )  ,RUnI<4U<6t  , 

♦  RUPINK  1  5  ,'3  )  OlTSffTK  <T)TsnK<3l  ,SBRIK<3l,S7dTK<S)", 

_ <FtTSK<3).FATRK<3).F»TOK<3),FATTK<3), _ 

4SNIU5,S?1u5,SRIU5,$9RIU5,ST0TUS, 

♦  F ATEU5 ,F ATRUS.F  ATOUS.FATTUS.TPOPUS 
0lP6NS10.“FhPSFF<3)  ;iP*SrFF<  3)* 

READ) 11 , 32)N0TPPN,NREG 

Rtikoi  ir,‘i2 )  iNPiiixi'K)  ,k:i  ,MK're) 

REAOl 11 ,32) INRAOULIK) ,k:1 ,NREC) 

00  29  k':l,URCC 
NP5Il:npSILL<k  ) 

“ZT*  REACdirscHP  ncmTTK*T7nT7N?siLi - 

00  31  K^l.i, PEC 
■MRJTClpnRmOLCI'kT 

31  WEAOl 11 ,30 lERULEVl I ,K ) , 1  =  1 , NPADL  ) _ 

UO  2  k:1,NKEC 
NP5ILPNPS IUL<K  ) 

15  ffT  CT:  N  s  A  btn  in 

DO  1  JPl.r.RAOL 

r*T>  £  A  0  <‘i  1  Tic  )i  A  £  p  rrj'j  ■,'•<>,  i-i.fcpsrn 

2  CONTINUE 

irrAblll.A?) IFCb^lL) ,L:1,3) 

FCRPFCPR  <2) 

- ReA-£n  11*,  30  nTroPPnrrrifnTn - 


P|2)=TPOPPI2I«FCR«TPOPP( 1 » 
TPOPI 1 |:TP0PPI lt«tl.-FCRI 
POPiTlsTPOPP*  H 
00  Z  LZl,S 


DO  3  KSl.MttS 

aE*0>  lUiCMPPU  ,K  .tl  .1  =  1  ,9  ) _ _ 


3  CONTI^U£ 

_ RE«0<U,iCHPRP0PtL>,L  =  1.3> _ 

PPPOP«2i  =  PR>OPtH«PRPOP<  21 

_ P»P0PI3>:i. _ 

00 "lo!  K  =  i;'>«a£b 
00  llil  1  =  1.9 


PI1.M=PP(I,K.2>*TP0PIKI 
m  COfiTXhUE 


00  9  K=t.3 
00  9  (.  =  1.3 


<t  REA0(n.30i(FSL(l.H.Li,l:2,9l 
00  S  •'  =  1.3 


OC  S  L=1.3 

S  PEtOI  11.3') (FCL(l.K.L) .1  =  2.91 


00  Zt  1=2.9 
00  30  k:1,3 


S( I .K l=f 3LII.K.2I 
3t  FF(I.Ki:FELIl.K.2) 


TPOPUSIO. 

OC  7  KSl.t;REG 
t  P  0  P  0  $':  TPlSP' U  r*'T>C>  (Ti 
7  CONTI KUt 

00  "9  K  =  lTf5«t^ 

FRCShl.  (K  1=0. 


00  e  1=2,9 
FRClK(l,Ki:p(l,Kl*(l.>FSll,K))PFEII,K> 
B  TPCSht  (Rfsl^KCSHLIB  I  ♦r^nTTITM 
IF(F'x'CShl(ki.lL.O.  )FRCSHL(K1:1. 
rrONTINUE 
DO  12  r=l,2 


DO  12  1=1,10 

RE4C<11.30I(0PLEVII,L,H),L:1.S> 


OC  13  1=1^10 

r'REAoi fi ricTio 

DO  10'  1=1.13 


FOP(IliOPUtV(I,3,ll 
COPU  l=OFtEVII  ,3,21 
OPU  fl.oBiFOPm 
105  CONTINUE 

REAOh  l.JO'l  IPBCUNOI  I  1.1  =  1,10) 
RrADm,32INUPCYL 


x:  «<.'  <  i  1 .  II  lui/r  uri  t.K.L)  .l.=  1.3l  .K:1.NREGI 
a 'AC ( 11 .32) ( lOOCOP) I ,K,L) iL:1.3) ,K=1,NRE6) 
u  CbNTl'.Ct  ■ 


•'T 


r  k .  lO  A  o  ^  . 


00  103  k:1,NRE6 

DO  103  1=1. 10 _ 

OFOPd.K  )  =  0CF0PI1.N,2) 

OCOPM  ,Kj:00C0PUtK,2l _ _ 


continue 

00  IJS  tCl.NREG  _ 


00  li.>8  1:1,10 

F  OP i « I ,  K  1  :F  OP  m • U .«OFOP1I,KI  ) _ 

■  c?PA(  I  ,K  »:copi  n*ri  .♦o'copii.Ki  1 

continue  _ 

BEAD!  11  ,'301  (bPF  ri  1  ,l:  1,9) 

00  m  l:l,9  _ 


PF«  1 1  1. «CPF (1) i•PFIl) 

00  2ir  k:i,nreg 


00  21C  ft:  1,2 

_BE*01  1 1 ,  iCI  IFBC0PIN,K,I.),L=1.1) _ 

oc'iio  k:i,m;eg 

00  110  Nil, 2  _ 


FPC0PFIN,K|:FRC0P(N,K,2) 

BEiOUl.iUI  (FTu(ll,i:i,9l  _ 


00  IS  l:1,3 

_Rt  *0  1  11 ,  iC  IIFR^LJ^I  .LI  ,I:1,9I _ ^ ^ 

SEAD'd  l  ,30  iPSIf. 

00  le  K:i,t.‘!E6  _ 


00  U  L:i,i 

fi£AC( U.30IFRRfi(W.l.l,LI,FRRBlK,l,2,L  >,FflRRlK,2,l,L),FRRRtK,2,2.L) 
REAUI ll,3biPSlTF' 

J)0  17  l:1,3  _ 

RfACni,  JCi  <PTl(1,LI,I:1,9I 

L'O  18  l:1,3  _  _ 


REAri  11,  jn (FFSPLCI  ,L),I:l,9) 

RCA0tll,irHFFS5<n,Isi.9l _ 

D  o  » 7  I  :  r,  9 
FRi1i:FRL(1,2) 

“FFi  nrFFLtI 

FFSHll  I:)FScLU,21  _ _ 


EAC(  11,  JL'IPSIF 
00  2.,  k:i,NmCG 
"00"  2U  Lfr.i 

RCAL'I  11 , 30IFFHkIK,1  ,1,LI,FFRRIK,  1,2,L  I,FFRRIK,2,1  ,L  I  ,FFRR(K,2,2,LI 

IRE  AO  <1  llie  l'PS‘''’Tii 
00  21  Kil.NREG 


READ(ll,iLI(Fkll,H,II,I=l,9l 

REAC|]l,3ri(Fun,K,3l,l:i,9) 

■ifiAcriiViuiPsi'. 

00  22  A=1 ,n3EG _ 

O'?  22'  L  sTi  J 

RtAOl 1 1 , 30IFWRRIh,l,l,L),FMPR<K,l,2,L),FMRR)l<,2,l,LI,FMRR)K,2,2,LI 
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>061  2a  RCAOl ll.3Q|FCRR(K,l,l,L>.FCRRIK,l,2,Li|FEBRlK,2,l,Li|FCRRIK<2,2,LI 


DO  UC  KAl.NREO 

il-; 

00  12C  m:i,2 

511: 

00  12C  Nil, 2 

5U: 

FARIk ,h,M :FAPR In ,M,N,2) 

515: 

FFRlK,.'*,MlFF6Rln.H.N,2) 

&!«• : 

FuRlni.«,N)IFwPfiln,K«N,2) 

SIS: 

FVfilHtPtM:FVRRIK.M,N,2l 

SU: 

FEHIK,M,N|IFERRIK,M,N,2I 

517: 

120 

CONTIKLE 

tic  : 

RF AO  111, in irAIKI,KIl,UR£G) 

SIR  : 

»FADIll,;r'i(TRLlLI,L:i.31 

7RIT6L 12) 

Ell: 

flEACIll.iOlTF 

522: 

RCAOlll,iaiTwR,rhN 

S23: 

REAC 1 1 1 ,iCl 7VR , TVN 

526 : 

Ri:AOIll,iCITc.H,tEN 

S'S: 

Rf  At:  4 1 1 ,  ij  1  tm 

526  : 

REAL'  1  1 1 ,  At!)  tRnFHU,EROFHl  ,ER0CHU,ER0CHI 

E?7: 

3l 

FORMAT  1 ?F 1C.2 ) 

HFROI 

32 

FCRUAI <1615  ) 

00  35  KII.NREG 

S3U: 

NPSlLANPSILLIK 1 

b  J1 : 

00  26  in. in 

•22! 

call  Fl’iblPSXLEV,NPSlL,K,FOPAIl,K) iFRFOPII tK) .IFOPll.K  > ) 

r»i: 

CALL  FINiJIPSILEV,NPSIL,K,COPAIl,K),FRCOPIItK),ICOPII.K ) ) 

~Fi6 : 

^6 

roxriNuC 

5  3  5: 

3b 

C0NT1».UE 

5  3e : 

00  651  KIliNREG 

517: 

NPSILIIIPEILL  IK  1 

535 : 

00  27  111,9 

535  : 

call  FINO(PSlLfcV,NPSIL,K,TOPIH,FRTOPIl,R),ITOPII,Kn 

L  **  - : 

27 

b«  1 : 

651 

CONTI  f.L'S 

~V*2  i 

"DoTi  hii.fnrE'G 

563: 

NPblLlNPilLL IK  1 

IKQB 

CALL  ^MulPSlLLVtNPSIL.K.PSIRfFRPSlRIKltlPSIRIK)) 

mBBM 

CALL  F  INDIPSlLEV,NPSIL,K,P5IFtFRPSIFI Kl , IPSIFIK 1 1 

TAUmNLIPllLEV  ,MPSIL,K,PSlF«,FfiRSFU  IK)  ,  IPSIFulK  )  ) 

call  FINOIPSIL£V,NPSlL,K,PSlKtFRPSIWIK),lPSIWIK)) 

iM-XEBi 

"Call  F  l-<ulPSlLEV,MPSIL,K,PSIVtfRFSlVIK)  .IPSIVIK  )  ) 

mSSSM 

CALL  FlN0(PSILtV,‘!P5IL,K,PSIE,FRFSIEIK),IPSrElK)) 

¥V,.: 

CALL  ^lNLIP51L6V,NKSlL,K,P5iFF,FRP5FFlKl,IPSlFFIK)l 

551: 

33 

COMTImlE 

00  36 
'JPACU'jRAPlL  l«  »-J 

"S  F  R  i  C  U  I  :  F  R  C  S  R  vTIpSIRUj  .RfiPStRiK)  ,nR  »  0 1' 
FFR«C«n  );FRC5RVUPSIFIK>,FRPS1F  IK)  ,NRADI 

TvTFKAClKlIf  KCSr.V«:PSII^M»K),ffiliS^wrK),Nrt* 


•  0  •  f  K 1 


_  -  ---  -  WPS  IF  I W I f NW API »q> , 

T7F  KAC(K|:fKCSr.V«:PSII^M»K)|Ffi|isfwrK),Nrt*UliD 
WFRACU):FRCSRVUPSIU(KI,FRPSIWIK),NRt01,0., 

WRac  r«  );FTCTfvTrPSIv«K)  r^fiPSTiiK  )  ,nRaoi;o.  , 
CFRAC  IK  IafRCSRVUPSICIkI  tFRPSIElK  I  iNRAOl  |0»  . 


*0. ,K) 


C.  tK  I 

KJ _ 

K  I 


78  h:i,S 
nRAOl:nR*OLLIK I 

■p?  R  X  :  P  FTfiTTTTjTirr 

PFNUPFChlll.J.KI 


£«CJtKFMU*PFN* 

CALL  Fn0tCR0LeV,NRA0L»K|£R0.FFHUN2lltJ«K>,IFRUN2U,J.KM  _ 

fftO:t«CFMl*PFN2 

CALL  FINO(CROLcV,NRAOL«K,eRO.FFMlN2(l .JiK),IFRIN2Cl ,J,K I i 
ERuItPL'CKUwPpNl 

CALL  f  riU<LPOLLViNfiAOLtKtggOiFCMUN2«I,J,K),ICKUN2IItJtKl  t _ 


EROILPOCM*PFNi 

CALL  F lNO(EROLC.V,NRAOL«K,eRO,FCnlN2II ,J,K I  ,ICH1N2(1,J,K|) 
2ir  CCMir.UE" 

RETURN 
•£»!0  • 

suanouTi.NE  noca 


CON^‘U^/!1ATHIX/AeN(lS,tS,JltRSlLCv(lS.  ! I , EPOLC V ( 1 S •  3  I . NP SILL  ( 3  >  i 
Inracll ( 3  ) 

COMMON/  Aoc/’NREOtNffAci  fP«9/ir,TS'i  973 » 9Trr,Tp’ffPi  STTfftrrML  i  Ji  i 
IFRC1kI9,3I  ,FOP«IOItCOP»IOIi^OP<ljD),PF  C  9  » ,  PFN,  PFM ,  PF  R ,  OFOP 1 10, 3  » ,  _ 
20C0P«  lU.'ir.OPF  (9r7F0PAI  rovri  ."COPAJ  KT,  it  ,PF  a  191  .FRCOPF  I2;3  t  ,FTUi9Ti 
3F9I9I ,PS1K,FRR«  3,7.2I,FFI9I  ,FFSM|9)  ,FFSS«9)  iPSir  ,  _ 


l,2,2l,FV(9,li,PSXV,FVRI3,2,2I.PSlE, 
SFTS  (  l,r,i  1  ,  TAjll  ,_TR  ,  TF,  TwR,JbN,TVR,  TVN.TER,  TtN.TM.NOTPRN^ 
it  ROF  ML* ;  E-iL'F  Ml ,  lIToCMU  .rROCVl  ,F  l?F  OP  t  I  t ,  }  i7 iPOP  «  10  ,'3  l',  FlSCOP  I  10  751 
TICOFn j,ll  ,FRT0PI9,3I.IT0PI9,1I,FRP$IRI3I ,IPS1RI3I, 

8  F  R  P  S  F  W  1  5  I  i  I P  S  I  F  i  i  ll  ,*?  «  P  S 1 V  75 1  1 P  S I M  f  3  I ,  F  h  P  S I V  I  3  I  ,  Y  P'STTl  577 
CFRPSIFIII  ilFiJF  «1) ,FS?Sltt3>,IFSlEI3)  , 

IRF  E'R  n  9',1  ,'577P7S!.1  «  9 , 4,  Si  t  #2  t  9  ,  S  ,  3  i7RFEN2  1 9 , 5 , 5  I  , 

UFkuR  1(9,6,  SI  ,FFhIR1  I9,S, 31 ilFMlNllS, E, 3 t ,F  CHURl t9,S«  3) i 
2FCMIR  I  (9,573  )  ,  ICMIK  r(9',5,  SiiFF'MljNl  (9, 5^31  , 1  FP(jNY  i  9  ,S75  »  . 
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1721  31FHIN1 (9,5,31 tFCHUNt (9,St3l .1CHUN1I9| St  11 iFCHl  ^4  M 9 i S , 3 i t 
tZi:  •FFnul<2(9,S,3i,lFnuR2l9,S,3),FFf>Iit2(9,St3i  tlFHIR2l9,5,3)f 

12‘«  ;  31  iFCHi‘62(9,5,Tr,lCKlR2«9,  5,  fr7FFMUt42  (9,57T>  t 

£2 5j _ 6F F M  I 5 , 31  .lFHtN2l9,S,  3 1  ,F  CKUN2  (  9  ,  S,  3  I  ,  I CHUN2  C  9 ,  S ,  3  U _ 

b  ?bl  » I CMlN'r  ( 9 , STl I , PU( 10,31 ,PwP( 9,3),0ETUIIJ,3>,DET1(10,3»,SUT(9,3I, 


e.:7 

■SUN(9,3I ,SIT(9, 31 ,SINI9,3I .SUI9,4, 3). SI (9,4.31  ,NU<9,S.3i  , 

t'S 
629 
'  6  3.y 

631 

632 

633 

9MUR(9,S.3i,NUN(9,S,3i,NlRI9,5,3i,NIM9,5,3),TSHURI9,6,3) 
C0HKCN/DEFyRUHuPI9,6,3>,F ATPI 1C, 3> , TSNUN(9,6, 31 , RUHUN ( 9 , 6 , 3 1 , 

?RUNlKI9,6,3I,TS*(lNI9,e,3l,RUnlhl9,6,3l,FATTIlC,3),FATE(10,3l, 

3FAT0(lu,3>,SM(9,3i,SdII9,3l,SRn«,3i,S9PII9,3),ST0T|9,3), 

4i;*KAC(il.rFPAC(3l,FUP'9AC(3l,>.Fi;AC(3),VFPAC(3l,EFftAC(3>. 

SlCM'JRl  (9.S,3),FFHl(,l(9,S,3l,lCMlNll9,S,3l  ,  F  rHUR2  1  9  ,  S  .  3  1  , 

63<< 

635 

6lT5nif.’i9,S,H,f  CKltJ2(  9, 5,31,  T  Shi  R(  9,6,3  ItFFRC  3,2,2  J  , 

TFFhuMl  (9,S,3i ,hl (9,S.3l,PFF(10,3i 

636 

6  !7 

COM-ON/Srii/CFfiAimu.bl  .opCTw  riU,S,2),0Llvilb,4,3i, 

ICFFRAC ( 10,4 1 •FoOUNOI lOl.NUKCYL ,2, 

63: 

639 

?OOFOP  (  13,3,3  )  .COCOP  (1(1, 3, 31,  PP  (9, 3, 31  ,PRPOP  (  31  , 
3FP>K(3.2.:.3l.fFkR(3,2,2.3i,FwRR(3,2,2,3l,FVRR(3,2,2,3l, 

6«  J 
t«  1 

6  4  2' 
643 

4f THk (  3777771 1 • F SCOP ( 2 , 3 , 1 1 , 

SFFFPaC( 31 .TPOPP (il ,FCRRI  31  ,FCR,PSIFF , 

6FSL(9.3,3i,FCL(9,i,3l,FRL(9,3l, 

7TRC(3l,FFi.(9,31  ,FFS«L(9,3I 

e««4 

6*15 

00  ICC  1:1, la 
cfr:cii,ii:offkac(1,ii 

t4t 
647 
~  040 

649 

CrUtc ( i ,  4  1 : 1 . 

00  4li  t:x,3 

L!:L-1  . .  ~ 

4u  CFRACI1,lI:CFRAC(1,I.1I*0FFRAC(1,L) 

tlJt  0<nc  Hil,2 

bSl;  00  sc  l:1,4 

6‘i;  lIslm 

6E3;  SO  DLEV(I,L,F|:OPLev(i,Ll,H)-OPLEV(Itl,N) 
bf4;  rTTTXO.VTlf.uE" 
bSS;  CO  2CC  1:1,13 

5St;  xiRANPizr" 

6*7;  y:HA«F(2) 

5Ttl  00  ISrt  L:i ,4 

659:  IF(X.LT.CFAACI1,UMG0T0  160 

"T*.  .;  I5u  CONTINUE 

bb  1 : 
■'6 1  ^ : 
bb:; 
ebb : 
bbS: 
llbT 
bb7: 
fe? ! 


671; 
6  72T 
673; 
T7irr 

UiL 

b  7k : 


160  FQP(Ii:3PLLV(I ,U , 1  I  * V*0LEV 1 1 tL  ,  1  I 
C0P(ri:QfLEv(l,l.,'?l»Y^UEV(I,L,2» 

IF( 1 .01 .  lOIGOTO  165 _ 

TOPIl  |:.6e*F0P(h 
165  00  nr.  k:i,NREu 

- r7j«Fi  T  itkt:  rs  m  I  iniTinjf  6?  ?  itr  » » - 

COPA ( I ,K ):C0P( 1 )«( l.*OCCP(i ,KI  » 

IF(F(JPA  (1  ,K  ).Gt.F5(rUN&l  1 1  IFftfiTl  ,K  CFBOUNDI 1 1 

_ IF(FCPAll,M.5I.C0PA(X,m)60T0  168 _ 

Cc  PA  ( i  ,K  li'FOPA  ( 1  ,m 

168  IF(F0PAI1,kI.CT.FB0UN0IIIIF0PAII,K|:FB0UN0(1I 
170  C()NTl>lO'e 
230  CONTINUE 

- r^iTis  iNournTCfirmTifCT#  1 rsr.'n - 

TPOPI 2l:TPOPP(21«FC?bTPOPPI  1  > 

TPOP( I )rtPOPP(l)*(l.-FC?l 


677;  TP0Pi:I:TP0PPI3I 

67ij;  x:fiA(.F(2i~ 


•  ■  UTY  FRACTICAiJI^ 

•  ([I  ‘  ’■  ■ 


l  :s  . 


679: 

_ 6  80; _ 

681: 

_ 6*2; _ : 

tf.3'. 
tf  u : 
tfi: 

_ ^t8t ; _ . 

t.“7: 

688j _ 

‘  '689: 

t9:i; _ 

u9l: 

__  tCi; _ 

c«3: 

_ t9«  j _ 

t9S: 

tS6: 

697: 

6e<i : _ 

“ ■ t'S : 

■■' 7.  l'; 

71  J; 

H'M : 

7'i  : 

/:  a : 

'7f'7: 

_ 7  raj _ 

IZ-ii 
7U:C 
“~7n:  ~“ 

712: 

7  1  J: 

7  i«j 
‘7 1  i1 
7lt:l0 

— 7171 - 

716J 

7191 

7:'..j 

7in 

72*: 

“  ~72n — 
7rM:C 

— 7^Sl - 

726! 

— mi — 

728  :  ICie 

72  5": 
73o:C 

~ '711: 

7  J2: 


00  3uQ  L11.3 

17  IX.LT.PRPOPqi  IGOTO  305 _ 

continue 

_ 

DC  31'*  k:1,NRCC 

00  3ia  1=1.9 _ 

PI  1  .K I :ph 1 1 •KiLPtPTPOPIKI 

_CONtIl.uE _ 

00  s'iiir.NfiEG 

FPCSriL  IK  i:g. _ 

"bo' 8  1  =  2',  9 

f  PClK  1 1  ,»  I  ;PI  I  ,K  l»U.-FSI  ItKI  )»FEI1  tK  » _ 

7'cCSHLlKi:FaCShLIKI«FnClKll.K> 

I  n  FP  CJ  HU  K l.LL.O. IFRCSMLIKISI. _ 

“c  birr  1  Sue 

J)0  lb  K :l .NRtG _ 

NP'siLSNPilLLIK  1 

on  26  ISI.IO _ 

C*LL  FISblPSlLCViNPSlLtKtEOPAI 1 |K I .FRFOPlI ,KI .IFOPI IfK I  I 
_C'LL  FrJ0IP51LEV.NPSlL.K,C0PAII,K ) .FRCQPIltK) tlCOPI  t tK  I  1 

~CCIiI  l*iUa 
CnMlfiue 
bo'3y'Ki"i  .NKfcG 

NPSIUnPSILLIK  I _ 

00  *7  l:l,9 

CALL  Fl‘iO(PSlLtV,NPSlt,K,TOPin.FRTOPII.K».ITOPII.KI> 

CO.STINUE”’ 

CONTINUE 

SETUPS 

ESO _ 

"function  RANFI2I 

THIS  PANOON  number  generator  is  1100  UNIQUE 

■  0 1  ME  N  S  1  ON"  ARR  T'l  6  1  ♦  Vl  1 1 
EXTERVAL  RANOU 
o*ta  fi  /i/  ■ 

IF  12  .GI.  1. ICO  TO  10 
~r  :  2*e3eS6C8. 

continue 

■s  ri  - 

call  FNS6IARRT,RAN0U«X,N> 

■7':*xii7 - 

RANF  12 _ 

R  E Tor n 
ENO 

TirBfiTijTrNC~inNSET<yi 

THIS  routine  Initializes  the  ranooh  number  generator 
Thar  ac  TEH  •6~iinrfrn  Mur 

CALL  AOATEI lOATE.lHOURI 
TfcTuE  I6,12;3,IhOuRI  itEMP 

format  1 16  » 

"iTt'.P'  I  AlTSlItEMP,6, 

NOT  neeolo  BUT  Guarantees  a  pos.  number 

"X  :  ■  I T  ‘  F  ■  ■ 

RETURN 

1 S  0 - 

SUPPOUTInE  PFFILL 

-CP. .<( « u  s /  M i T-„T  X V  i rM-rrs  n  5 ,  le  v  fit;  i  t .  e ftffccv u s ,  s  r;>iR s i 


Xi.i-  ‘  ' 


A-36 


TToUTTfi 

C0nKCr.V«&C/Nae6,Nf>«01.PI9,3),rSI9»3liFE(9«3l  tTPOPISi  tFRCSHLOlt 
iri;C'lK«9,i1,FOP(lorrCOPlXOI  .TOPI  1D>  ,^F  I9J  ,PFN,PF»i,PF‘o,0FOPf3O,3». 
_rorOP  lie.  3l.0Pf  191  .fOP*llO,3l  .COP«Ue.  »».PF«I9>.F9CDPF|2.3>.FTUI9», 
3FBI9  1  .PS'lR,FftRI3r2»2l  tFFl91  ,FFSNI«».FFSSI9».PSir. 
iiPSIF.,fU<9,3,21.PSIW,FriPl3.2,2»jfWI9,  3>  .PSl  V.F  VB  I  3.  ?.  2>  .PS 


SFEK:li.:.2l,r«lil.rfl.rF.TwR.TW*l,TvR.TVN.TER.TEK,TN.hOTPf>N. 

_6Eri/f  f-U.EKOFHI  .ERJCHU.EiiOC^l.f  ftfOPI  1C,  3>  t  IF  QP  I  1 D,  3  ) .  FRCOP 1 10, 3  » « 
TICOP  I  IC.  Jl  ,f  BTCOI9. 3lTrTbP'l9,~i  I  .FBPSIP'i  Ji  .■'IPSIRI  31 

aFrfSf  i.(3i,IPSlFVIl3),FRPSlWI3»,IPSlwl3»,FfiPSTVIll_,IPSIVI31. _ 

“CFFPSIF I  31  .IPSlf lil .FRPSIEI 3l,lFSIEl 3) , 

9PFl~1 If.b.Sl  .PFEK1I9.S.3I ,PFER2I9.S,3|.PFEn2I9.S.31, 


IlFnei-  1  I9,S,  31  ,f  FnIKl  I9,S,  3  1  .  IFKl  »  1 1  9, 5. 3  1  ,F  CHURl  I  9  .S,  3  1 . 

2rCMI^ll9j5,31,ICMlhJJ^5,3J,Ff  MUMIJ9,5j3i,lFMOKn9,S,31_£ _ 

TiFNih!  ij';?  ,'n7f  c«oi.i  i9,573i7ic«uni  (9;  5i  si^'cpiNi  rpisri'i , 

^FFMi,'-:2|->,5,3|  ,lPnUK2(9,5,3l  ,FFhlR2|9, 5,  31  ,1FPIR2I9,5|11j _ 

^ICKt'Rilii^Si  3i,f  CMlfi2r9;^S;3l  7lCMiR2  I  9 , 5  ,'3  1  ,  FFmunZ  I  9 , 5  ,'31  , 

tFFMlNjU.S.ll  ,lFKlf.2(9,5.31  ,FCKO;j2l9,  5.  3  1  . 1  CMUW2  I  9 , 5 . 3 )  , _ 

TKmTnJ  t9,S,3'T;FWlili731  ,PiPT9,3)  .DETuni),  3  1 .  DE  T I  1 10,  3  1 .  SUT  1 9 , 3  I 
*SUM9 . 31.<1TIS.31.S1KI9.31  ,SUi9  .Ji*_3_l ,  SI  1 9  ,  ■> ,  3 1  .KUI  9 , 5, 31 1 
9HURI9,b,3T,  vUNI9,5,'3),MIRr9,5, 3)  ,  1*1  iTl  9,  S  ,  3  )  ,  t  SliuR  I  9 ,6 , 3  I 
C0MMC*l/0tF/RUMUfll9,6,31,FtTR I  1 0 >  3 1 , T SHUH I  9 , 6 , 3 1 ,RUHUN 19,6,31, 
2RUM Ik  I  97«> ,  31^  TSIJS 1 9  ^6 , 3 1  ,RUM  1  N I  9 , 6 , 3  1 , F  iTT  1 10 , 3 1 , F  *fn  1 0,  3  1 , 
»F«rci  li,3l,<MI9,Il  .SSII9,3l,SRll9,21  .  SP  S 11  9 . 3  1  .  STOT  I  9 . 3  1  . 


R 


lOOFOf  113,3, 31  ,(,0C0Pll.i,3, 3),PP|9,3,39  ,PRP0PI3I , 
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Appendix  B 

RATIONALE  FOR  ESTIMATES  OF  FRACTION  RELOCATED  (FCR) 

This  Appendix  presents  the  rationale  for  the  input  values  used  in  the 
Program  Analysis  Model  (PAM)  to  produce  estimates  of  FCR  for  two  programs: 

D  Prime  and  Paper  Plans  Only.  In  addition,  it  exhibits  the  calculation  in 
PAM  of  the  estimates  of  FCR  for  Program  D  Prime. 

The  structure  of  this  Appendix  follows  that  of  the  definitive  description 
of  PAM  in  Appendix  B,  Section  B.l,  of  W.E.  Strope  and  J.F.  Devaney, 
Effectiveness  of  Civil  Defense  Systems,  Center  for  Planning  and  Research,  Inc. 
(June,  1979) .  The  relationships  referred  to  herein  are  those  defined  in  that 
report;  for  example,  "relationship  6"  in  OR  in  this  Appendix  refers  to 
"relationship  6"  in  OR  in  the  report. 

This  rationale  starts  with  the  calculation  of  FCR  and  proceeds  to  the 
subordinate  calculations  that  produce  Intermediate  estimates  which  become 
Inputs  to  the  superordinate  calculations. 
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B.  1  ESTIMATES  FOR  PROGRAM  D  PRIME 


Fraction  Relocated  -  FOR 

In  the  process  of  estimating  FOR,  the  relocation  Is  analyzed  In  three 
parts  corresponding  to  the  fractions  of  the  Risk  population  that  are  planned 
to  relocate  (a)  as  members  of  organizations,  FCR^,  (b)  In  autos  as  general 
public,  FCR^,  and  (c)  requiring  transportation,  FCR^.  These  three  fractions 
add  to  1.0  thereby  accounting  for  the  entire  Risk  population. 

The  fraction  FOR'  Is  estimated  from  K, :  the  fraction  of  the  Risk 
o  1 

population  associated  with  organizational  relocation,  taken  to  Include  only 
key  workers  and  their  dependents.  For  Program  D  Prime,  given  three-shift 
operations  In  the  Risk  areas,  the  best  estimate  Is  that  8  percent  of  the  Risk 
population  (20  percent  of  the  work  force)  might  be  key  workers.  The  low 
estimate  Is  5  percent;  the  high  estimate,  14  percent.  Since  the  work  force 
constitutes  40  percent  of  the  population,  these  estimates  are  multiplied  by 
2.5  to  yield  the  estimates  of  FCR^.  Then,  In  relationship  1, 


FOR'  -  K, 
o  1 


Low  Best  High 

0.12  0.20  0.35 


To  obtain  an  estimate  of  FCR^:  the  fraction  of  the  Risk  population 
trying  to  relocate  as  organizations,  the  effectiveness  of  organizational 
relocation,  E^  (to  be  discussed  later).  Is  brought  forward  from  a  subordinate 
calculation.  Then,  In  relationship  2, 

Low  Best 

FCR'  0.12  0.20 

o 

E  0.90  0.93 

o 

FCR  -  E  •  FCR'  0.11  0.19 

o  o  o 


High 

0.35 

0.94 

0.33 
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Because  most  of  the  Risk  population  resides  In  urbanized  areas,  K2  t 
the  fraction  of  the  Risk  population  having  one  or  more  automobiles.  Is  taken 
equal  to  the  Census  estimate  for  all  urbanized  areas:  80  percent.  Nominally, 
then,  20  percent  of  the  general  public  would  require  transportation  In  order 
to  relocate.  However,  the  most  recent  national  probability  sample  (Nehnevajsa, 
1979)  Indicates  that  fully  two-thirds  without  an  auto  claim  that  they  would 
get  a  ride  with  relatives,  friends,  or  neighbors.  This  factor  Is  Introduced 
as  and  the  survey  result  taken  as  the  high  estimate.  For  the  "best"  estimate. 
It  Is  assumed  that  only  half  the  group  claiming  a  ride  actually  get  one.  The 
low  estimate  Is  that  none  realize  their  hope.  Then  In  relationship  3, 


Low  Best  High 

0.12  0.20  0.35 

K2  0.80  0.80  0.80 

Kg  -  0.33  0.67 

FCR^-K2(1-Kj^)+K5(1-K2)(1-Kj^)0.70  0.69  0.61 


To  obtain  an  estimate  of  FCR^:  the  fraction  of  the  Risk  population 
trying  to  relocate  In  private  autos,  the  effectiveness  of  relocating  In  autos, 
E^,  Is  brought  forward.  Then,  In  relationship  4, 


Low 

Best 

High 

FCR' 

0.70 

0.69 

0.61 

0.80 

0.88 

0.91 

FCR^ 

0.56 

0.61 

0.56 

The  fraction  of  the  Risk  population  requiring  public  transportation, 
FCR^,  Is  also  found  from  K^,  K2«  and  Kg  In  relationship  5. 

Low  Best  High 

FCR^-(1-Kj^)(l-K2)(l-Kg)  0.18  0.11  0.04 

To  find  the  fraction  trying  to  relocate  In  public  transport,  FCR^, 

Is  brought  forward  and.  In  relationship  6, 
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Low 

Best 

High 

FCR' 

0.18 

0.11 

0.04 

0.51 

0.70 

0.84 

FCR^  -  E^  •  FCR^ 

0.09 

0.08 

0.03 

The  fraction  of  the  whole  Risk  population  trying  to  move  (E  )  would 
be  the  sum  of  the  three:  FCR^  +  FCR^  +  FCR^  If  there  were  nothing  Impeding 
the  relocation  movement.  Traffic  could  be  slowed  or  stopped  If  traffic  control 
or  the  removal  of  disabled  vehicles  were  less  than  fully  adequate.  Little  hard 
data  exist  on  which  to  base  estimates  of  the  fraction  of  the  relocating 
population  that  might  be  deterred  or  prevented  from  leaving  the  Risk  areas  In 
a  3-day  period  through  Inadequacies  In  the  performance  of  these  functions. 
However,  potentially  Important  factors  In  many  Risk  areas  Involve  the  planning, 
training,  and  exercise  of  services  needed  to  direct  and  expedite  relocation 
traffic  and  clear  routes  of  disablements.  With  respect  to  disablements.  It 
was  judged  that  70,  75,  80*  percent  of  the  Risk  population  would  be  provided 
with  adequate  clearance  capability  (RK)  by  the  completion  of  Program  D  Prime. 
The  estimate  for  traffic  control  (LF)  was  85,  90,  95  percent. 

Physical  movement  out  of  the  numerous  smaller  urbanized  areas  Is  a 
trivial  problem.  Henderson**  estimates  that  about  60  percent  of  the  total  Risk 
population  could  be  out  In  one  day;  85  percent  In  two  days.  Everyone  could 
be  out  In  three  days,  except  for  some  fraction  of  the  population  of  the  very 
large  conurbations,  such  as  New  York  City  and  Los  Angeles.  (The  latter  are 
handled  separately  In  this  calculation  as  FCR^) .  The  foregoing  estimates  are 
based  on  maintaining  practical  road  capacities  20  out  of  every  24  hours  or 
50  minutes  out  of  every  hour. 

The  effect  of  disablements  Is  known  to  be  similar  to  more  regular 
Impediments  such  as  traffic  signals,  ^ere  It  has  been  determined  that 
capacities  are  reduced  In  direct  ratio  to  the  period  of  red  slgnallzatlon. 

This  is  a  typographical  convention  used  In  this  report  to  signify:  Low 
Estimate  ■  70  percent.  Best  Estimate  *  75  percent,  and  High  Estimate  ■  80 
percent. 


**  Personal  Communication. 


Hence,  If  a  disablement  occurs  each  hour  and  requires  5  minutes  to  clear, 
traffic  flow  Is  reduced  to  55/60  or  92  percent  of  unimpeded  flow.  Lack  of 
road  clearance  capability  can  Increase  clearance  time  sharply  and  hence 
reduce  flow  dramatically.  However,  this  problem  Is  unlikely  to  prevent  full 
relocation  except  for  the  movement  on  the  third  day  that  would  be  required 
In  large  cities.  The  effect  of  traffic  delays  In  deterring  people  from 
attempting  to  relocate  Is  unknown.  It  was  judged  that  without  adequate 
road  clearance  capability,  5,  10,  15  percent  of  the  Risk  population  might 
be  prevented  or  deterred  from  leaving  (ARK). 


The  lack  of  traffic  management.  Including  traffic  control,  barricades, 
one-way  outbound  procedures  where  needed,  and  guidance  to  the  relocating  public 
that  maintains  traffic  flow  at  near-capacity  levels,  was  judged  to  have  more 
Impact,  with  an  estimated  30,  35,  40  percent  of  the  Risk  population  not 
relocating  In  Its  absence  (ALF) .  Then,  In  relationship  7, 


FCR 

Low 

0.11 

Best 

0.19 

0.33 

0 

FCRj 

0.70 

0.69 

0.61 

FCRj. 

0.09 

0.08 

0.03 

RK 

0.70 

0.75 

0.80 

ARK 

0.15 

0.10 

0.05 

LF 

0.85 

0.90 

0.95 

ALF 

0.40 

0.35 

0.30 

;Rf+FCR  ) 

,-RK)}{l-ALF(l-LF)}  0.68 

0.83 

0.90 

For  use  In  the  casualty  assessment,  the  key  workers  on  duty  In  the  Risk 
areas  must  be  deducted  from  this  result.  The  estimate  of  XK  Is  obtained  by 
dividing  the  previous  estimate  of  total  key  workers  by  three  and  rounding 
upward  to  account  for  people  In  the  area  on  a  staggered  shift-change  basis. 
The  high  estimate  of  5  percent  of  the  Risk  population  Is  matched  against  the 
lowest  estimate  of  FCR  .  Then,  In  relationship  8, 


E 

cr 

0.68 

0.83 

XK 

0.05 

0.03 

0.02 

FCR 

n 

-  E  -  XK 
cr 

0.63 

0.80 

0.88 

Two- thirds 

of  the  Risk  population  reside  In  the  northerly  part 

of  the 

country  where  a 

majority  of  homes  have 

basements .  This 

fraction  Is 

taken  as 

that 

subject  to 

adverse  weather  In  the 

form  of  snow  and 

Ice.  It  Is 

estimated 

that 

relocation 

would  be  severely  Inhibited  for  this  group  during  5, 

,  10,  15 

days 

per  year. 

Then,  In  relationship  9 

1 

Low 

Best 

High 

FP 

w 

0.67 

0.67 

0.67 

P 

w 

0.04 

0.03 

0.01 

K-  -  FP  •  P 

0.03 

0.02 

0.01 

w  w 

Studies  have  shown  that  certain  very  large  metropolitan  areas  cannot 


be  evacuated  completely  In  a  3-day  period.  The  New  York  metropolitan  area 
could  be  evacuated  In  3.5  days.  The  most  difficult  Is  Los  Angeles  where  25 
percent  would  not  be  out  In  three  days.  These  estimates  do  not  account  for 
any  spontaneous  evacuation  prior  to  the  evacuation  order,  which  would  reduce 
the  relocation  time  for  the  remainder.  The  estimates  of  FCR^  are  brought 
forward  from  a  subordinate  calculation.  Relocation  after  the  third  day  would 
affect  the  casualty  assessment  only  If  the  attack  occurred  at  about  three  days. 
It  was  judged  that  there  might  be  a  50-50  chance  of  Insufficient  time,  P^, 
with  a  range  of  25  to  75  percent.  Then,  In  relationship  10, 


Low 

Best 

High 

FCR 

e 

0.07 

0.04 

0.01 

P 

Q 

0.75 

0.50 

0.25 

P 

e 

0.05 

0.02 

- 
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When  FCR  Is  adjusted  for  K. 

n  3 

FCR  In  relationship  11, 

Low 

FCR  0.63 

n 

0.03 

0.05 

FCR  -  FCR  (1-K-)(1-K,)  0.58 

n  j  4 


the  result  Is  the  estimate  of 


Best 

High 

0.80 

0.88 

0.02 

0.01 

0.02 

- 

0.77 

0.87 

and  K, 
4 


Movement  Effectiveness  -  Organization  (E^) 


The  basic  factors  affecting  are  the  fraction  of  the  organizational 
population  willing  and  able  to  relocate  (CR) ,  the  effect  of  a  Presidential 
declaration  (OD) ,  and  the  adequacy  of  organization  plans  to  provide  trans¬ 
portation  (XA) .  Because  organizational  relocation  was  confined  to  key  workers 
and  dependents,  organization  plans  and  resources  were  estimated  to  be  completely 

adequate  at  completion  of  Program  D  Prime.  The  transportation  adequacy  (C  ) 

c  » 

was  judged  to  be  100  percent  without  a  detailed  analysis  of  the  Interplay 
between  organization-supplied  vehicles  and  fuel,  private  vehicles,  and  trans¬ 
port  supplied  by  local  government  to  cover  short-falls.  The  estimate  of  the 
fraction  of  the  organization  population  willing  to  relocate,  CR,  is  brought 
forward  from  a  subordinate  calculation. 


It  is  possible  that  some  fraction  of  the  organizational  population  would 
be  unable  to  relocate  as  scheduled  because  of  sudden  illness  or  accident  to  a 
key  worker  or  family  member  (K2) •  This  factor  is  judged  to  involve  1  percent 
of  this  population.  Then,  in  relationship  7, 


Low 

Best 

High 

CR 

0.91 

0.94 

0.95 

*^2 

0.01 

0.01 

0.01 

E'  -  CR  •  K- 

0.90 

0.93 

0.94 

o 
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These  estimates  assume  that  a  Presidential  order  occurs;  that  is, 

DD  equals  1.0.  Should  it  not  occur,  it  is  judged  that  65,  85,  95  percent 
of  the  organizational  group  would  remain  on  the  job  and  would  not  relocate 
spontaneously  (ADD) 


Then,  in  relationship  8, 

Low 

Best 

High 

E'  0.90 

o 

0.93 

0.94 

C^  1.00 

c 

1.00 

1.00 

DD  1.00 

1.00 

1.00 

ADD  0.95 

o 

0.85 

0.65 

(1-DD)}  0.90 

0.93 

0.94 

Movement  Effectiveness  -  With  Auto  (E^) 

The  fraction  of  the  public  planned  to  move  in  private  automobiles  who 
are  ready  and  willing  to  move  (OR)  is  found  in  a  subordinate  calculation. 

The  fraction  of  these  who  potentially  have  transportation  (0CE',0CM')  is 
1.00,  by  definition.  However,  to  have  transportation  when  it  is  needed, 
they  must  have,  at  least,  operable  vehicles  and  fuel  for  them.  Some 
fraction  of  the  vehicles  (K^)  might  be  unusable  at  the  time  of  a  Presi¬ 
dential  declaration  because  of  malfunction,  accident  damage,  and  the  like. 

This  factor  was  judged  to  affect  2,  3,  5  percent  of  the  auto  population. 

Hence,  the  fraction  with  autos  that  would  operate  is  found  in  relationship  2 

Low  Best 

OCE'  1.00  1.00 

0.95  0.97 

OCE  -  Kj^'OCE'  0.95  0.97 

It  is  estimated  that  resources  for  fueling  and  supplying  this  group  (RB) 
would  be  available  to  90,  95,  100  percent  even  after  a  Presidential 

declaration,  based  on  work  by  Henderson  et  al  *  and  the  anticipated  adequacy 

of  plans  at  the  completion  of  Program  D  Prime.  At  the  same  time,  it  was  judged 

that  lack  of  such  resources  would  prevent  only  15,  20,  25  percent  of  the  auto 

*  C.D.  Henderson,  W.E.  Strops,  and  C.T.  Rainey,  The  Feasibility  of  Crisis 
Relocation  in  the  Northeast  Corridor,  Stanford  Research  Institute, 

(December  1976) . 


High 

1.00 

0.98 

0.98 


public  from  relocating  (ARB)  because  the  EPI  campaign  would  have  caused  the 
others  to  maintain  a  nearly-full  tank  of  fuel.  Then,  In  relationship  4, 


Low 

Best 

High 

OCM' 

1.00 

1.00 

1.00 

RB 

0.90 

0.95 

1.00 

ARB 

0.25 

0.20 

0.15 

OCM  -  0CM'{1-ARB(1-RB)} 

0.98 

0.99 

1.00 

Many  of  those  few  without  adequate 

fuel  would  still 

be  able  to  leave 

the  risk  area  on  what  they  had  although 

they  would  require  refueling  on  the 

Journey.  It  Is  estimated  that  only  15, 

20,  25  percent  would  be  prevented 

from  leaving  the  risk  area  by  inadequate  supplies  (AOCM) 

.  Then,  In 

relationship  5, 

Low 

Best 

High 

OCE 

0.95 

0.97 

0.98 

OCM 

0.98 

0.99 

1.00 

AOCM 

0.25 

0.20 

0.15 

OC  -  0CE{1-A0CM(1-0CM)} 

0.95 

0.97 

0.98 

Finally,  members  of  the  auto  public  who  are  unable  to  relocate  because 
of  auto  breakdowns  or  Inadequate  supplies  are  advised  In  EPI  materials  to  go 
to  the  nearest  school  or  other  collecting  point  for  bus  transportation,  as 
are  all  those  dependent  on  public  transportation.  They  would  have  the  same 
chance  of  relocation  as  those  without  autos.  Hence,  RC  values  are  brought 
forward  and  combined  with  the  estimates  of  OC  to  yield  C^,  the  fraction  of 
the  auto  public  actually  provided  with  transport  out  of  the  risk  areas.  In 
relationship  6, 


Low 

Best 

OC 

0.95 

0.97 

0.98 

RC 

0.80 

0.88 

0.95 

Cf  -  0C+RC-0C«RC 

0.99 

1.00 

1.00 

B-10 


The  fraction  of  the  auto  population  that  might  be  unable  to  relocate 
at  the  time  through  sudden  Illness  or  accident,  is  estimated  to  be  1  percent,  * 

as  was  the  case  with  the  organizational  population.  If  no  Presidential  order 
were  promulgated,  it  was  judged  that  two-thirds  of  the  auto  population  (ADD^),  i 

4 

would  have  remained  in  the  Risk  areas,  with  a  range  of  uncertainty  of  55, 

67,  79  percent.  Then,  assuming  that  a  Presidential  declaration  occurred  , 


(DD  "  1.00),  in  relationships 

00 

Low 

Best 

High 

OR 

0.82 

0.89 

0.92 

^2 

0.01 

0.01 

0.01 

(7)  E^  -  0R(1-K2) 

0.81 

0.88 

0.91 

DD 

1.00 

1.00 

1.00 

ADDj 

0.79 

0.67 

0.55 

"f 

0.99 

1.00 

1.00 

(8)  E^  -  E^*C^{1-ADD^(1-DD)} 

0.80 

0.88 

0.91 

Hovement  Effectiveness-Supplied  Transport  (E^) 

Movement  of  that  part  of  the  public  planned  to  move  in  transportation 
supplied  by  civil  defense  would  be  organized  and  controlled  by  an  emergency 
service  called  the  warden  service  in  this  analysis.  The  current  guidance  for 
crisis  relocation  planning  recommends  use  of  public  schools  as  the  collecting  ‘ 

points  and  school  personnel  to  receive  relocatees,  make  requests  for  bus 
transport,  make  school  facilities  available  while  waiting,  and  load  the  buses. 

For  this  purpose,  the  school  facilities  (WEF)  and  telephone  communications  (WEC) 
are  judged  fully  adequate.  Hence,  WE',  the  potential  capability  to  provide  i 

public  transportation,  is  equal  to  WES,  the  fraction  of  the  autoless  risk 
population  with  an  organized  movement  staff  at  the  completion  of  Program  D 
Prime,  given  a  one-week  surge  period.  This  fraction  is  estimated  to  be  85,  90, 

95  percent.  Exercise  of  this  operation,  PI,  is  an  important  component  of 
Program  D  Prime.  It  is  estimated  that  organizations  covering  80,  85,  90  percent 
of  the  risk  population  will  have  been  exercised  within  the  past  year.  On  the 
other  hand,  such  joint  service  exercises  are  not  seen  as  Important  to  the  warden 


1.  .5 


Is  . 


service  (API);  only  10,  15,  20  percent  of  the  potential  effectiveness  would 
be  lost  without  them.  The  provision  of  transport  Is  seen  as  most  Important 
(ARC);  50,  65,  80  percent  of  the  potential  effectiveness  would  be  lost  If  an 
ad  hoc  arrangement  for  transport  had  to  be  brought  Into  being. 

The  estimate  of  capability  to  transport  these  people  (RC)  Is  brought 
forward  from  a  subordinate  calculation.  This  Is  Judged  Important;  only  20, 

35,  50  percent  of  the  people  could  be  moved  without  It  (ARC).  The  capability 
of  the  police  to  maintain  order  at  the  loading  points  Is  Judged  complete 
(LE  ••  1.00)  and,  therefore,  ALE  Is  not  material  to  the  estimate.  The  fraction 
of  the  risk  population  with  adequate  communications  between  local  government 
EOCs  and  the  collecting  points  (DX)  Is  estimated  to  be  90,  95,  100  percent  at 
the  completion  of  Program  D  Prime.  Lack  of  this  capability  would  degrade  the 
potential  effectiveness  by  10,  20,  30  percent  (ADX).  Finally,  the  coverage  of 
adequate  operations  plans  (PB)  Is  estimated  to  be  nearly  complete  at  completion 
of  Program  D  Prime  and  fairly  Important  (APB).  Then,  in  relationship  8, 


Low 

Best 

HiSh 

WE' 

0.85 

0.90 

0.95 

PI 

0.80 

0.85 

0.90 

API 

0.20 

0.15 

0.10 

RC 

0.80 

0.88 

0.95 

Arc 

0.80 

0.65 

0.50 

LE 

1.00 

1.00 

1.00 

ALE 

NOT 

MAT 

E  R  I  A  L 

DX 

0.90 

0.95 

1.00 

ADX 

0.30 

0.20 

0.10 

PB 

0.95 

0.98 

1.00 

APB 

0.70 

0.60 

0.50 

WE  -  WE'{1-API(1-PI)}{1-ARC(1-RC)} 
1-ALE (1-LE) } {l-ADX(l-DX) } 
1-APB(1~PB)} 
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The  fraction  of  the  autoless  population  ready  to  move,  OR,  Is  estimated 
to  be  the  same  as  for  the  general  public  with  autos.  Again,  one  percent  of 
the  population  is  estimated  to  be  unable  to  move.  Hence,  E'  is  equal  to  E^. 
E^  is  the  product  of  E^  and  WE  when  there  is  a  Presidential  order  to  relocate 


(DD  equals  1.0).  Lacking  such  an  order. 

relatively  few  of  the  autoless  public 

would  relocate  on  their  own;  80, 

90,  98 

percent  would 

remain  in  the  risk  areas. 

Then,  in  relationship  10, 

Low 

Best 

High 

e;  -  £• 

0.80 

0.88 

0.91 

WE 

0.64 

0.79 

0.92 

DD 

1.00 

1.00 

1.00 

ADDj. 

0.93 

0.90 

0.80 

E^  -  E^*WE{1-ADD^(1-DD)} 

0.51 

0.70 

0.84 

Fraction  Unable  to  Relocate  Because  of  Insufficient  Time  (FCR^) 

The  fraction  of  the  risk  population  potentially  unable  to  relocate  in 
a  three-day  period  (FCR^)  is  believed  to  reside  in  the  very  large  metropolitan 
areas.  As  noted  earlier,  some  600,000  people  in  the  New  York  City  area  and 
2.5  million  people  in  the  Los  Angeles  area  have  been  identified  in  this  group 
in  feasibility  studies.  This  group  amounts  to  two  percent  of  the  risk  population, 
which  is  taken  as  the  low  estimate.  The  high  estimate  is  taken  to  be  four  clmes 
as  great  to  account  for  other  competing  metropolitan  areas  in  the  New  York  and 
Los  Angeles  areas  as  well  as  possible  problems  in  other  large  metropolitan  areas, 
such  as  Chicago,  Philadelphia,  and  San  Francisco.  The  best  estimate  is  taken  to 
be  midway  between  these  two  extremes.  The  effect  of  spontaneous  evacuation 
before  a  Presidential  order  would  be  to  relieve  the  highway  congestion  for  the 
residual  population.  Thus,  FCR^  is  taken  to  be  FCR^  reduced  by  the  fraction 
relocating  spontaneously. 

The  fractions  of  the  Risk  population  relocating  spontaneously  (FCR  )  are 

8 

estimated  from  the  fractions  planned  to  relocate  In  each  group  and  the  effect 
of  a  Presidential  declaration  on  that  group.  Then,  in  relationship  1, 
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Low 

Best 

High 

FCR' 

o 

0.12 

0.20 

0.35 

ADD 

0.95 

0.85 

0.65 

o 

FCR^  -  FCR'* (1-ADD  ) 
so  o  o 

0.01 

0.03 

0.12 

In  relationship  2, 

Low 

Best 

High 

FCR^ 

0.70 

0.69 

0.61 

ADD^ 

0.79 

0.67 

0.55 

FCRg^  -  FCR^(I-ADD^) 

0.15 

0.23 

0.27 

In  relationship  3, 

Low 

Best 

High 

FCR|, 

0.18 

0.11 

0.04 

ADD^ 

0.98 

0.90 

0.80 

FCR  ^  -  FCRi(l-ADD^) 

St  t  t 

- 

0.01 

0.01 

Then,  In  relationship  4 

Low 

Best 

High 

FCR  -  FCR  +FCR  ,+FCR  ^ 
s  so  sf  St 

0.16 

0.27 

0.40 

Taking  FCR^  as  the  fraction  unable  to  relocate  within  three  days  If 
there  were  no  spontaneous  relocation.  In  relationship  5, 


Low 

Best 

High 

FCR' 

e 

0.08 

0.05 

0.02 

FCR 

0.16 

0.27 

0.40 

s 

FCR  -  FCR'(1-FCR  ) 
e  e  s 

0.07 

0.04 

0.01 
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Fraction  of  Organization  Population  Ready  and  Willing  to  Move  (CR) 

The  potential  willingness  of  the  organizational  population  to  relocate, 
CR' ,  Is  determined  by  the  perceived  adequacy  of  the  organization  plans  or  by 
the  Impact  of  governmental  emergency  public  Information  and  media  coverage. 


I  ,  but  degraded  by  the  fraction  who  would  refuse  to  relocate  under  any 
circumstances,  K^.  Since  organization  plans  are  judged  completely  adequate 
and  the  effect  of  EPI  is  also  high,  CR’  is  judged  to  Include  everyone  except 


those  who  would  not  relocate  under  any  circumstances,  K^.  The  estimate  of  5 
percent  for  Is  based  on  the  recent  public  attitudes  survey  (Nehnevajsa, 
1979) .  Then,  in  relationship  3, 


CR' 


Low 

Best 

High 

1.00 

1.00 

1.00 

0.05 

0.05 

0.05 

0.67 

0.80 

0.90 

0.95 

0.95 

0.95 

The  organizational  population  needs  specific  instructions  for  relocation, 
such  as  the  location  of  the  organization's  relocation  site,  form  of  transport, 
routes,  relocation  schedules,  and  identification  materials.  These  Instructions 
are  to  be  provided  by  management  but  also  can  be  provided  by  fellow  employees 
and  by  the  local  civil  defense  organization  (D&C) .  Since  the  availability  of 
this  information  In  organizational  movement  plans,  XA,  Is  judged  complete,  all 
managements  would  be  trying  to  provide  the  Information  to  key  workers  (CM'). 

The  effectiveness  of  management  in  this  task  is  judged  very  high,  reaching  94, 
97,  100  percent  of  the  organizational  population.  Then,  in  relationship  2, 


Low 

Best 

High 

CM'  -  XA 

1.00 

1.00 

1.00 

h 

0.94 

0.97 

1.00 

CM  -  K-  'CM' 

0.94 

0.97 

1.00 

It  Is  estimated  that  30, 

,  35 

,  40  percent 

of  the  willing  population,  CR 

would  be  active  In  Informing  fellow  workers 

It  Is  judged  that  each 

of 

this  group  (CW')  would  Inform 

two  others 

(K2). 

Then,  In  relationships 

4  and  5, 

Low 

Best 

High 

CR* 

0.95 

0.95 

0.95 

^4 

0.30 

0.35 

0.40 

(4) 

CW*  -  K,*CR' 

0.28 

0.33 

0.38 

K, 

2.00 

2.00 

2.00 

(5) 

CW  ■  CW’(1+K2) 

0.84 

0.99 

1.00 

Each  worker  needs  to  be 

Informed  but  once.  Then,  In  relationship  6, 

Low 

Best 

High 

CM 

0.94 

0.97 

1.00 

CW 

0.84 

0.99 

1.00 

E  -  CM+CW-CM«CW 
c 

0.99 

1.00 

1.00 

The  contribution  of  EFI 

to 

this  task,  E 

d-  ‘‘ 

considered  negligible 

although  most  of  the  organizational  public  Is  provided  with  an  adequate  CD 

public  Information  capability  (DS  ).  This  Is  because  It  seems  unlikely  that 

specific  Instructions  for  organizational  relocation  would  be  Included  In  the 

guidance  for  the  general  public.  Therefore  E  ,  the  fraction  of  the  organizational 

s 

public  given  specific  Instructions,  Is  equal  .to  E^;  that  Is,  they  are  all 
Informed  within  the  organization. 

Since  the  willingness  of  the  organizational  population  to  relocate  as 
members  of  the  organization,  CR',  Is  Independent  of  the  provision  of  specific 
Instructions,  E^,  the  fraction  In  a  position  to  relocate,  CR,  would  be  the 
product  of  these  two  factors  If  no  other  factors  Intervened.  Two  such  factors 
are  believed  to  be  Important;  namely,  the  perception  of  preparations  for 
reception  and  care  and  for  sheltering  In  the  host  areas  that  the  population 


foms  as  a  result  of  media  coverage  of  these  preparations.  It  Is  estimated 
that  at  the  completion  of  Program  D  Prime  the  news  of  adequate  hosting 
preparations  would  be  positive  with  respect  to  reception  and  care  for  85,  90, 

95  percent  of  the  population  (WX)  and,  with  respect  to  sheltering,  for  80, 

85,  90  percent  of  the  population  (SR).  The  organizational  population,  however, 
has  been  Informed  by  the  organization  that  special  arrangements  are  being  made 
for  them.  Hence,  It  was  judged  that  negative  Information  on  the  hosting  status 


for  the  general  public  would  dissuade  only  a 

small  portion  (0, 

5,  10  percent) 

of  organizational  relocatees.  Then,  in  relationship  9 

> 

Low 

Best 

High 

CR’ 

0.95 

0.95 

0.95 

E  -  E 
s  c 

0.99 

1.00 

1.00 

WX 

0.85 

0.90 

0.95 

dWX 

0.10 

0.05 

~ 

SH 

0.80 

0.85 

0.90 

ASH 

0.10 

0.05 

- 

CR  -  CR’«E„{1-  WX(1-WX)}{1-ASH(1-SH)} 
s 

0.91 

0.94 

0.95 

Fraction  of  Public  Ready  and  Willing  to  Ifove 

(OR) 

The  fraction  of  the  auto  public  with  an  adequate  CD  public  Information 
capability  (OS),  Is  the  same  as  the  organizational  public:  95,  98,  100  percent. 
But,  whereas  the  effectiveness  of  this  capability  In  informing  the  organizational 
population  was  considered  negligible,  it  Is  judged  to  be  highly  effective  in 


reaching  the  general  public  (Kj^  -  90,  95,  98  percent)  through  TV,  radio,  and 
newspaper  supplements.  Then,  In  relationship  1, 


The  police  (and,  to  some  extent,  the  fire  service  as  well)  also  have  a 
high  potential  capability  (LK*)  of  reaching  the  public  by  distributing  CHF 
materials  and  by  using  loud-hailers  on  patrol  cars  when  the  relocation  order 
Is  given.  This  Is  a  common  activity  for  the  police  In  peacetime  disasters. 
Whether  this  potential  capability  would  be  used  depends  in  part  on  whether 
the  action  would  be  planned  for  In  operations  plans  at  the  completion  of 
Program  D  Prime  (PB) .  It  Is  estimated  that  plans  would  provide  for  this 
activity  In  Jurisdictions  accounting  for  75,  85,  95  percent  of  the  risk 
population.  On  the  other  hand.  It  was  judged  that  police  In  most  localities 
would  perform  this  function  even  If  It  were  not  specifically  planned  because 
of  the  peacetime  disaster  precedent.  That  Is,  only  20,  35,  50  percent  of  the 
population  would  not  be  covered  without  such  plans  (APB) .  Because  of  various 
factors,  the  effectiveness  of  the  public  safety  forces  In  reaching  the  auto 
population  Is  judged  to  be  less  than  the  EPI  campaign;  namely,  70,  80,  90 
percent  coverage.  Then,  In  relations  2  and  3, 


LK' 

Low 

0.90 

Best 

0.95 

High 

1.00 

PB 

0.75 

0.85 

0.95 

APB 

0.50 

0.35 

0.20 

(2) 

LK  -  LK’  1-  PB(l-PB) 

0.79 

0.90 

0.99 

^2 

0.70 

0.80 

0.90 

(3) 

-  K2*LK 

0.55 

0.72 

0.89 

Another  route  for  Informing  the  public  Is  called  the  Warden  Service. 
Lacking  a  CD  warden  on  every  block,  which  Is  not  presently  anticipated  under 
Program  D  Prime,  one  can  consider  the  use  of  the  shelter  managers,  shelter 
monitors,  and  Shelter  Manager  Officers  that  are  planned  to  be  trained  In 
Program  D  Prime.  If  these  personnel  were  assigned  the  function  of  Informing 
the  public.  It  Is  estimated  that  the  potential  capability  could  reach  85, 

94,  100  percent  of  the  risk  public  (WY').  The  likelihood  that  this  activity 
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would  be  planned  for  (FB)  Is  judged  to  be  the  same  as  for  the  police  but  the 
Importance  of  such  planning  Is  jijdged  higher  than  before;  65,  80,  90  percent 
of  shelter  CD  personnel  would  not  engage  In  the  Informing  of  the  public  on 
crisis  relocation  unless  the  activity  had  been  planned  (APB).  As  a  restilt, 
the  anticipated  fraction  of  the  auto  public  that  could  be  reached  by  this 
means  Is  calculated  to  range  from  66  to  97  percent.  The  effectiveness  of 
this  means  In  Informing  the  public  Is  judged  somewhat  less  than  the  police  — 
60.  70,  80  percent.  Then,  In  relationships  4  and  5, 


(4) 


WY 


Low 

Best 

High 

WY' 

0.85 

0.94 

1.00 

FB 

0.75 

0.85 

0.95 

AFB 

0.90 

0.80 

0.65 

WY'{1-AFB(1-FB)} 

0.66 

0.83 

0.97 

""a 

0.60 

0.70 

0.80 

E  -  K,»WY 

0.40 

0.58 

0.77 

w 

The  final  means  by  which  the  auto  population  may  be  Informed  Is  by  the 


Interaction  or  "contagion"  effect  with  the  population  Itself .  The  basis  for 
this  activity  Is  that  fraction  of  the  population  that  Is  favorably  disposed 
toward  relocation  (OR').  This  disposition  can  be  brought  about  by  exposure 
to  the  EPI  materials  on  crisis  relocation  plans  (I^)  and  by  the  more  general 
public  Information  activities  of  the  government  through  the  mass  media  (DS) . 


The  coverage  of  the  latter  Is  Judged  to  be  somewhat  higher  than  the  effective¬ 
ness  In  delivering  specific  Instruction  (E^);  namely,  92,  95,  97  percent. 

The  fraction  of  the  population  prepared  to  relocate  through  exposure  to  the 
EFI  material  (1C)  Is  judged  to  range  from  67,  80,  90  percent  (1^) • 
combinations  of  these  Influences  must  be  reduced  by  the  fraction  of  the  risk 
population  who  would  not  relocate  In  any  event  (Kg) ,  which  Is  taken  to  be  5 
percent,  as  before.  Then,  In  relationship  6, 


I  i 


1 


(DS+I  -DS*I  J(l-K,) 

CCD 


Low 

Best 

High 

0.92 

0.95 

0.97 

0.67 

0.80 

0.90 

0,05 

0.05 

0.05 

0.92 

0.94 

0.95 

30,  35 

,  40  percent  are  exf 

to  try  to  Inform  others  (K^) .  Hence,  28,  33,  38  percent  of  the  auto 
population  would  Inform  others  (OS)  and  each  Is  expected  to  Inform  two 
others  (K^) •  Then,  in  relationships  7  and  8, 


Low 

Best 

High 

0.92 

0.94 

0.95 

0.30 

0.35 

0.40 

0.28 

0.33 

0.38 

2.00 

2.00 

2.00 

0.84 

0.99 

1.00 

Kj‘OR' 


(8)  E  -  OS+K,*OS  0.84  0.99  1.00 

O  4 

Many  will  be  Informed  by  multiple  means.  The  total  effectiveness  In 

providing  specific  Information,  E  ,  Is  thus  the  sum  of  the  four  means,  less 

s 

the  double  products,  plus  the  triple  products,  and  less  the  quadruple  product: 

the  redundancy  formulation.  In  relationship  9, 

Low  Best  High 

E-  "  E.+E.+E  +E  -E,Efl-»»*-E.EflE  E  0.99  1.00  1.00 

s  axwoaXi  axwo 

As  with  the  organizational  population,  the  fraction  of  the  public  ready 
to  move,  OR,  Is  the  product  of  the  willing  public,  OR',  and  the  effectiveness 
In  providing  specific  Instructions,  E^,  as  degraded  by  the  possible  dissuading 
effects  of  their  perceptions  resulting  from  negative  Information  on  conditions 
In  the  host  areas  (HX  and  SH).  The  estimates  of  the  fraction  of  the  public 
receiving  positive  Information  on  host  area  preparations  at  the  completion  of 
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Program  D  Prime  are  the  same  as  for  the  organizational  population  but  the 
Influence  of  negative  Information  Is  judged  much  higher  for  this  group;  15, 
20,  30  percent  might  be  dissuaded  by  perceived  poor  reception  and  care 
preparations  (AWX)  and  20,  25,  35  percent  by  perceived  lack  of  fallout 
protection  (ASH) .  Then,  In  relationship  10, 


Low 

Best 

High 

OR' 

0.92 

0.94 

0.95 

E 

s 

0.99 

1.00 

1.00 

UX 

0.85 

0.90 

0.95 

AWX 

0.30 

0.20 

0.15 

SH 

0.80 

0.85 

0.90 

ASH 

0.35 

0.25 

0.20 

OR  -  0R'*E  {1-AWX(1-WX)}{1-ASH(1-SH)} 

0.82 

0.89 

0.92 

)lled  Transport  Capability 


In  estimating  the  capability  to  transport  people  in  supplied  transport, 
the  equipment,  staff,  and  communications  for  this  purpose  are  considered 
generally  adequate  based  on  current  feasibility  studies.  Hence,  RC*  is 
taken  in  relationship  10  to  range  from  85  to  95  percent.  System  exercises 
are  anticipated  nearly  everywhere  (PI  equals  90,  95,  100  percent)  and  the 
Importance  of  such  exercises  is  seen  as  somewhat  greater  than  to  the  warden 
service  (API  equals  20,  25,  30  percent).  Communications  between  local  government 
EOCs  and  the  bus  operators  (DY)  is  estimated  to  be  completely  adeq\iate;  hence, 
no  estimate  is  made  of  ADY.  Finally,  the  adequacy  of  operational  plans  for 
this  activity  (PB)  is  estimated  to  be  very  high  (95,  98,  100  percent)  at  the 
completion  of  Program  D  Prime.  The  need  for  plans  is  seen  as  very  Important; 

50,  60,  70  percent  of  the  potential  transport  capability  would  be  lost  without 
them  (APB) .  Then,  In  relationship  11, 
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Low 

Best 

High 

RC 

0.85 

0.90 

0.95 

PI 

0.90 

0.95 

1.00 

API 

0.30 

0.25 

0.20 

DY 

1.00 

1.00 

1.00 

ADY 

NOT 

MATER 

I  A  L 

PB 

0.95 

0.98 

1.00 

APB 

0.70 

0.60 

0.50 

RC  -  RC'{l-API(l-PI)}{l-ADY(l-DY)} 

{l-APB(l-PB)} 

0.80 

0.83 

0.95 

B.2  ESTIMATES  FOR  PAPER  PLANS  ONLY  PROGRAM 

The  following  presents  only  the  input  values  for  estimating  FCR  for 
the  Paper  Plans  Only  Program  that  differ  from  those  used  for  the  Program  D 
Prime  estimates.  All  other  inputs  to  the  Paper  Plans  Only  calculation  are 
Che  same  as  for  Program  D  Prime. 

Fraction  Relocated  (FCR) 

The  estimated  effectiveness  of  road  clearance  (RK)  is  reduced  to  30, 

40,  50  percent  and  that  of  police  traffic  control  (LF)  to  30,  40,  50  percent, 

chiefly  because  of  (a)  the  inability  to  prepare  adequate  operations  plans 

and  exercise  the  system  for  training,  and  (b)  lack  of  control  by  D&C.  The 

fraction  not  able  to  relocate  because  of  insufficient  time  (FCR  )  is  reduced 

e 

to  zero  because  the  low  system  effectiveness  achieved  by  this  program  would 
afford  ample  opportunity  for  all  those  relocating  to  accomplish  the  move 
within  the  three-day  limit. 

Movement  Effectiveness  -  Organizations  (E^) 

The  estimated  materials  supply  capability  for  transporting  the  people(RB) 
is  reduced  to  30,  40,  50  percent  because  the  program  would  not  allow  for 
adequate  arrangements  to  assure  materials  availability.  Now  the  importance 
of  this  activity  becomes  appreciable;  it  is  judged  that  only  75,  80,  85  percent  of 
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the  service  stations  would  be  operating  because  of  Inadequate  plans  and 
coordination  (ARB  >  25,  20,  15  percent).  Similarly,  It  Is  Judged  that  the 
Inability  to  coordinate  organization  plans  adequately  would  limit  the 
availability  of  vehicles  for  the  organization  people  (CCE*)  to  the  same  degree  as 
for  the  Risk  area  population  generally  (80  percent) .  In  addition,  the 
deficiency  in  fuel  supply  (PB)  would  adversely  affect  the  ability  of 
organization  vehicles  to  supply  transport  so  that  only  75,  80,  85  percent 
of  those  available  could  be  operated  (ACCM  -  25,  20,  15  percent) .  It  is 
also  judged  that  Inadequacy  In  operational  planning  and  coordination  would 
result  In  no  supplied  transport  available  for  organizations  (RC  *  0) . 

Movement  Effectiveness  -  With  Auto  (E^) 

The  adequacy  of  fuel  supply  (RB)  and  its  effect  (ARB)  are  taken  the  same 
as  for  E^.  However,  the  effect  of  fuel  availability  is  judged  more  severe  for 
the  general  public  than  for  organization  people  (AOCM  -  50,  40,  30  percent). 

Movement  Effectiveness  -  Supplied  Transport  (E^) 

Because  of  inadequate  operations  planning  and  staffing,  the  potential 
capability  of  civil  defense  to  conduct  a  relocation  with  supplied  transport 
(WE')  Is  reduced  to  30,  40,  50  percent.  In  addition,  because  this  option  does 
not  provide  for  system  exercise  for  training  (FI),  the  ability  of  D&C  to  Inform 
the  system  (coordinate  the  transportation  activity)  (DX)  Is  reduced  to  60,  70, 

80  percent.  And  the  adequacy  of  operations  planning  (PB)  for  the  transportation 
activity  Is  judged  to  be  no  more  than  30,  40,  50  percent. 

Fraction  Unable  to  Relocate  Because  of  Insufficient  Time  (FOR ^ 

Because  of  the  low  effectiveness  of  the  system,  all  of  the  people  could 
relocate  within  the  three  days  (FCR^  >  0)  and  the  fraction  relocating 
spontaneously  Is  no  longer  pertinent.  This  calculation  Is  omitted. 


>  ^ 


Fraction  of  Organization  Population  Ready  and  Willing  to  Move  (CR) 

Because  this  option  does  not  provide  adeqtiately  for  promotion  of 
organization  relocation,  the  fraction  of  the  organization  population  with 
plans  (XA)  is  reduced  to  30,  40,  45  percent.  In  addition.  Inadequate 
preparation  for  public  information  is  judged  to  reduce  its  effectiveness 
(I^)  by  half.  Inability  to  prepare  adequately  for  emergency  operations  is 
judged  to  reduce  host  capability  to  prepare  for  reception  and  care  (WX)  to 
55,  60,  65  percent.  Similarly,  host  area  capability  to  provide  shelter 
(SH)  is  judged  to  be  reduced  to  0,  5,  10  percent. 

Fraction  of  Public  Ready  and  Willing  to  Move  (OR) 

The  relative  effectiveness  of  crisis  relocation  information  activities  to 
inform  the  public  (DS)  about  the  specific  features  of  the  actual  relocation  at 
the  time  it  was  occurring  would  be  reduced  to  60,  70,  80  percent  because  of 
inadequate  information  preparations.  Again,  Inadequate  provision  in  the  Paper 
Plans  Only  program  for  operations  planning  would  reduce  the  adequacy  of  plans 
for  police  participation  (PB)  to  25,  30,  35  percent.  This  program  does  not 
provide  for  recruiting,  training,  and  organizing  what  is  termed  here  a  warden 
service,  so  ■  0.  The  capability  of  D&C  for  general  public  information  (DS) 
was  judged  to  be  no  more  than  70,  80,  90  percent.  Host  area  capabilities  for 
providing  reception  and  care  (WX)  and  shelter  (SH)  were  taken  the  same  as  for 
calculating  CR. 


Supplied  Transport  Capability  (RC) 

As  noted  earlier  on,  the  Paper  Plans  Only  program  does  not  provide  for 
system  exercise;  therefore,  PI  ■  0.  The  ability  of  D&C  to  Inform  the  system 
(DY)  is  taken  the  same  as  DX  for  calculating  E^:  60,  70,  80  percent  compared 

to  100  percent  for  D  Prime.  Now  ADY  is  material  and  is  judged  to  be  100  percent 
because  all  coordination  would  have  to  be  done  during  the  movement. 
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B.3  C0MFAR1S(»«  OF^SULTS 

To  demonstrate  the  effects  of  the  above  differences  In  Inputs  to  the 
FCR  part  of  PAM  between  D  Prime  and  Paper  Plans  Only,  the  calculated 
Intermediate  and  final  output  values  are  compared: 

Code  Program  D  Prime  Paper  Plans  Only 


FCR 

0.58 

- 

0.77 

- 

0.87 

0.16  -  0.39  -  0.50 

Eo 

0.90 

- 

0.93 

- 

0.94 

0.21  -  0.35  -  0.45 

Ef 

0.80 

- 

0.88 

- 

0.91 

0.53  -  0.72  -  0.83 

=t 

0.51 

- 

0.70 

- 

0.84 

0.02  -  0.08  -  0.20 

FCR^ 

e 

0.07 

- 

0.04 

- 

0.01 

CR 

0.91 

- 

0.94 

- 

0.95 

0.29  -  0.46  -  0.59 

OR 

0.82 

- 

0.89 

- 

0.92 

0.61  -  0.78  -  0.86 

RC 

0.80 

0.88 

— 

0.95 

0.18  -  0.30  -  0.46 

I 
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Appendix  C 


FRACTIONS  OF  POPULATION  IN  SHELTER  (FP) 

IN  OPEN  (FE)  AND  AT  RANDOM  (FS) 

This  Appendix  presents  the  rationale  for  the  Input  values  used  In  the 
Program  Analysis  Model  (PAM)  for  two  programs:  D  Prime  and  Current  Capability 
Maintained.  In  addition.  It  exhibits  the  calculation  In  PAM  of  the  estimates 
of  FP,  FE,  and  FS  for  Program  D  Prime. 

The  structure  of  this  Appendix  follows  that  of  the  definitive  description 
of  PAM  In  Appendix  B,  Section  B.2,  of  U.E.  Strope  and  J.F.  Devaney, 

Effectiveness  of  Civil  Defense  Systems,  Center  for  Planning  and  Research,  Inc., 
(June  1979).  The  relationships  referred  to  herein  are  those  defined  In  that 
report;  for  example  "relationship  6"  in  FMS^  in  this  Appendix  refers  to 
"relationship  6"  in  FMS^^  in  the  report. 

This  rationale  starts  with  the  calculation  of  the  distributions  over 
time  of  the  fractions  In  shelter  (FP),  In  open  (FE),  and  at  random  In  buildings 
(FS) .  It  then  discusses  warning  effectiveness  and  concludes  with  the  specific 
values  of  FP,  FE,  and  FS  for  use  as  Input  parameters  for  MCPOPDEF  In  this  study. 
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C.l  ESTIMATES  FOR  PROGRAM  D  PRIME 


Distributions  of  Population  In  Shelter  In  Open  and  at  Random 

Estimates  of  FE^^,  and  FS^^  are  derived  from  population 

distributions  calculated  for  three  sets  of  conditions: 


Low 

Best 

High 

Warning  System 

CHAT 

CHAT 

CHAT 

Preparedness  3 

0.41 

0.925 

0.925 

Population  Distribution 

Normal 

Normal 

Uniform 

According  to  Moon,*  the  value  of  a  for  calculating 

the  distribution  of 

the  fraction  deciding  to  go  to  shelter  f(t^) 

is 

1.0.  The  value  of  S'  for 

calculating  the  distribution  of  the  fraction 

of 

the  population  starting  to 

move  to  shelter  f(t  )  is  1.0. 

p 

Then,  in  relationship  4, 

Low 

Best 

High 

S' 

1.00 

1.00 

1.00 

^b 

0.20 

0.90 

0.90 

0.75 

0.75 

0.75 

6  -  6'{1  -  AL  (1  -  L)} 

0.41 

0.925 

0.925 

The  distributions  of  f(t^)  obtained  by  convolutlng  f(tg)  and  f(tp)  in 
relationship  5  are  shown  in  Figure  C.l. 

Distributions  of  f(t  )  used  for  this  study  are  representative 

m 

distributions  calculated  for  similar  conditions  using  two  geographic 
distributions  of  the  population  (before  moving  to  shelter) : 

Normal:  in  which  they  are  taken  to  be  at  distances  normally 

distributed  along  the  radius  from  the  shelter,  a  distribution 
found  to  exist  radially  from  the  center  of  some  cities. 


A.E.  Moon,  Population  in  Shelter.  Stanford  Research  Institute  (November,  1965). 


J 

^  J 


Uniform;  in  which  they  are  taken  to  be  distributed  uniformly 
throughout  the  area  served  by  the  shelter. 


FIGURE  Cl  DISTRIBUTION  OF  FRACTION  OF 
POPULATION  MOVING  TO  SHELTER 

When  these  estimates  of  f(t  )  are  convoluted  with  those  of  f(t  )  In 

m  w 

relationship  8,  estimates  of  ^Ic’  ^^It  FMS^)  are  as 

shown  In  Figure  C.2. 

Appropriate  values  from  Figure  C.2  are  applied  to  estimates  of  FMS^ 
obtained  from  a  subordinate  calculation  to  obtain  final  estimates  of  FP, 

FE,  and  FS.  This  will  be  discussed  later  on. 

Fraction  Going  to  Shelter  (FMS^) 

Program  D  Prime  would  provide  both  NAWAS  and  CHAT  warning  capabilities. 
The  fraction  of  the  population  who  could  be  warned  by  each  of  these  systems 
Is  brought  forward  from  subordinate  calculations.  Then,  In  relationship  1, 


* 


% . 


V  *■ 


E  -  E  +  E  -  E 
s  sn  sc  an 


Low 

Best 

High 

sn 

0.55 

0.70 

0.86 

sc 

0.85 

0.95 

0.99 

sc 

0.93 

0.98 

1.00 

The  estimate  of  police  warning  capability  (LK)  Is  the  same  as  used  for 
calculating  FCR  but  their  effectiveness  (K^)  Is  Judged  to  be  lower  because 


1 

of  the  shorter  time  frame.  Then, 

In  relationship  3, 

Low 

Best 

High 

LK 

0.79 

0.90 

0.99 

^1 

0.20 

0.25 

0.30 

1 

} 

E^  -  Ki  .  LK 

0.16 

0.23 

0.30 

The  capability  of  wardens  (HY)  Is  taken  to 

be  half 

that  used  for  FCR 

i 

because  some  of  them  would  likely  be  preparing 

the  shelters  for  occupancy.  1 

But  the  effectiveness  of  those  attempting  to  warn  (K*) 

Is  taken  the  same  as 

\ 

for  FCR.  Then,  In  relationship  5, 

Low 

Best 

High 

( 

WY 

0.33 

0.42 

0.48 

1 

^2 

0.60 

0.70 

0.80 

E  -  K-  •  WY 

u  7 

0.20 

0.29 

0.38 

The  effectiveness  of  public  Information  (I^)  Is  Judged  high  because  of 
the  emphasis  to  be  given  warning  during  the  surge.  It  Is  estimated  that  about 
one-third  of  those  Informed  about  warning  would  try  to  warn  others  (K^)  and 
that  each  would  succe'  In  warning  one  other  person  (K^) .  The  Importance  of 
preparedness  for  warning  Is  Judged  to  be  absolute  -  1.0);  a  person  without 

any  knowledge  about  warning  cannot  respond  as  Intended.  Then,  In  relationships 
6,  7,  and  8, 


0. 

95 

_0i 

30 

FTii 

■ll 

|ili^ 

W*i 

(8) 

These  estimates  for  E^  apply  equally  to  those  assigned  to  public 
shelter  and  to  home  basements.  The  fraction  of  the  population  subject  to 
adverse  weather  (FF  )  and  the  probability  of  adverse  weather  (P  )  are  taken 

V  V 

the  same  as  for  FCR.  However,  the  fraction  of  those  assigned  to  public 
shelter  who  would  not  go  because  of  adverse  weather  (K^)  is  Judged  to  be  10, 

15,  20  percent  while  it  is  expected  that  weather  would  have  no  effect  on  the 
decision  of  those  assigned  to  home  basements.  Then,  in  relationships  9  and  10, 


K-  -  K,*FP  •? 

6  5  w  w 


(10)  FMS’  -  E^(l-Kg)FA^ 


Public  Shelter 

Home 

Basements 

Low 

Best 

High 

Low 

Best 

High 

0.67 

0.33 

0.20 

0.67 

0.33 

0.20 

0.04 

0.03 

0.02 

0.04 

0.03 

0.02 

0.20 

0.15 

0.10 

- 

- 

- 

0.01 

- 

- 

- 

- 

- 

0.91 

0.96 

1.00 

0.91 

0.96 

1.00 

0.90* 

0.96* 

1.00* 

0.91* 

0.96* 

1.00* 

miiltlpller  for  FA. 


The  effectiveness  of  warning  for  those  assigned  to  public  shelter  is 
Judged  to  be  slightly  less  than  for  those  assigned  to  home  basements.  Public 
attitude  studies  (Nehnevajsa  -  1979)  indicate  that  about  5  percent  of  the 
population  would  not  go  to  shelter  in  any  event  (FS.).  Then  in  relationship  11 


V 
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Public  Shelter  Home  Basements 


Low 

Best 

High 

Low 

Best 

High 

*^7 

0.95 

0.97 

1.00 

0.95 

0.97 

1.00 

FS^ 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

FMS.  -  FMS'd-FSjK^ 

0.81* 

0.88* 

0.95* 

0.83* 

0.89* 

0.95* 

*  multiplier  for  FA^ 


Effectiveness  of  Waraing  Systems  (E  ) 

The  estimates  of  effectiveness  of  warning  systems  (NAWAS  and  CHAT)  were 
not  made  In  detail.  It  Is  estimated  that  the  potential  effectiveness  (E')  of 

s 

giving  warning  information  via  radio  and  TV  at  completion  of  Program  D  Prime 
(including  the  surge)  Is  90,  95,  100  percent  for  HAWAS  and  95,  98,  100  percent 
for  CHAT.  The  relative  effectiveness  (K^)  is  Judged  to  be  95,  97,  99  percent 
for  NAWAS;  95,  98,  100  percent  for  CHAT.  Then  In  relationship  8, 

NAWAS  CHAT 


Low 

Best 

High 

Low 

Best 

mh. 

h 

0.90 

0.95 

1.00 

0.95 

0.98 

1.00 

0.95 

0.97 

0.99 

0.95 

0.98 

1.00 

E.  -  K,  •  E' 

0.86 

0.92 

0.99 

0.90 

0.96 

1.00 

gig 

The  fraction  of  the  population  covered  by  Federal  alerting  facilities 
(DEF  -  CHAT)  was  taken  equal  to  the  1971  estimate  of  homes  with  TV  receivers 
(99  percent)  for  the  high  estimate,  and  reduced  to  95  and  85  percent  for  the 
best  and  low  estimates.  The  fraction  covered  by  local  alerting  facilities 
(EPF  -  NAWAS)  Is  estimated  to  be  78,  88,  95  percent  for  completion  of  D  Prime. 
The  effectiveness  (K2)  of  NAWAS  alerting  Is  Judged  to  be  71,  79,  90  percent; 
that  of  CHAT,  100  percent.  Then,  In  relationship  16, 
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NAWAS 

CHAT 

Low 

Best 

High 

Low 

Best 

High 

E' 

p 

0.78 

0.88 

0.95 

0.85 

0.95 

0.99 

0.71 

0.79 

0.90 

1.00 

1.00 

1.00 

E  -  K,  •  E' 

p  2  p 

0.55 

0.70 

0.86 

0.85 

0.95 

0.99 

Then,  because  a  person 

must  be 

alerted 

and  informed  in  order  to  be 

warned,  the  net  system  effectiveness  is,  in 

relationship  17, 

NAWAS 

CHAT 

Low 

Best 

High 

Low 

Best 

High 

"p 

0.55 

0.70 

0.86 

0.85 

0.95 

0.99 

Estimates  of  FP,  FE,  and  FS 

-  Home 

Basements 

It  was  seen  above  that  83,  89,  95  percent  of  those  assigned  to  home 
basements  would  be  warned  and  decide  to  go  to  the  basements.  Home  basement 
assignments  are  made  only  to  people  in  one-unit  dwellings.  The  calculations 
assume  the  people  to  be  In  a  residential  posture  ,  and  the  time  required  to 


go  to  a  basement  shelter 

is  trivial.  Then, 

Low  Best 

for  home  basements: 

High 

FP 

0.83 

0.89 

0.95 

FE 

- 

- 

FS 

0.17 

0.11 

0.05 

Dynamics  of  Attack  Effects 

To  determine  the  fractions  of  the  population  assigned  to  public  shelter 
who  are  in  shelter,  at  random  in  buildings,  and  in  the  open  moving  to  shelter 
at  the  time  of  attack,  the  distributions  shown  in  Figure  C.2  must  be  matched 
against  a  time  distribution  of  the  occurrence  of  attack  effects.  Three  such 
time  distributions  have  been  developed,  based  on  information  in  the  open 
literature  and  Informed  judgments  of  an  unclassified  nature.  The  three 
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estimates  of  attack  dynamics  are  shown  In  the  form  of  cummulatlve  distribution 
functions  In  Figure  C.3.  They  may  be  regarded  as  "slow",  "medium",  and  "fast" 
attacks  and  are  used  to  generate  low,  best,  and  high  estimates  of  FS,  the 
fraction  assigned  to  public  shelter  who  are  at  random  at  the  time  of  attack, 
and  FE,  the  fraction  assigned  to  public  shelter  who  are  In  the  open  at  time 
of  attack. 

The  three  distributions  were  derived  In  the  following  way.  The  mid-1980s 
Soviet  threat  was  drawn  from  a  paper.  Fighting  the  "Unthinkable";  Nuclear  War 
In  the  1980a  by  Gerard  K.  Burke,  published  In  the  June  1978  Issue  of  Military 
Review.  The  essential  Information  Is  shown  In  Table  C.l.  Burke  projects  that 
the  Soviets  will  have  956  submarine-based  missile  launchers  with  a  total  of 
1756  warheads.  The  warhead  yield  Is  1  megaton  except  for  the  Delta-3  class 
whose  MIRVed  missiles  carry  three  200-KT  weapons.  The  total  yield  In  the  SLBM 
threat  Is  796  megatons.  However,  for  our  purposes  we  need  to  use  equivalent 
megatons  (EMT) ,  which  Is  a  direct  measure  of  the  area  of  direct  effects.  EMT 
Is  obtained  by  multiplying  the  number  of  warheads  by  the  yield  to  the  two- 
thirds  power.  The  relative  coverage  of  the  200-KT  weapons  makes  the  EMT  for 
the  submarine  threat  equal  to  956  megatons.  Similarly,  the  Soviet  ICBMs 
contribute  5695  EMT  and  the  bomber  threat  550  EMT.  Thus,  In  terms  of  the 
total  of  7201  EMT,  SLBMs  provide  13  percent  of  the  threat,  ICBMs  represent 
79  percent  of  the  threat,  and  bombers,  8  percent.  Also  shown  are  the 
arriving  EMT,  assuming  a  reliability  of  85  percent.  However,  this 
consideration  does  not  affect  the  partitioning  of  the  threat,  and  would 
not  unless  differing  reliabilities  were  assumed  for  the  various  threats. 

For  the  present  purpose,  the  SLBM  threat  Is  subdivided  Into  two  parts:  the 
Y  and  D-1  classes,  which  represent  6  percent  of  the  total  EMI,  are  the 
short-range  threat,  and  the  D-2  and  D-3  classes,  which  contribute  7  percent 
of  the  EMT,  are  the  long  range  threat. 


•  ^ 


(a)  SLOW  ATTACK 


TIME  AFTER  DETECTION  (MIN) 

Ic)  FAST  ATTACK 

F  IGURE  C.3  DYNAMICS  OF  ATTACK  EFFECTS 


CENTER  FOR  PLANNINO  AND  RESEARCH  INC  PALO  AUTO  CALIF  F/6  18/6 

MONTE  CARLO  POPULATION  DEFENSE  MODEL:  INITIAL  RESULTS. (U) 

AU6  79  M  E  STROPE*  J  F  OEVANEY*  F  MIERCORT  DCPA0i>77-C-0223 

NL 


UNCLASSIFIED. 
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The  purpose  of  the  foregoing  Is  to  establish  the  basis  for  the  timing 
of  the  attack.  The  short-range  SLBMs,  comprising  6  percent  of  the  threat, 
are  assumed  to  have  the  capability  of  delivering  an  initial  weapon  approximately 
six  minutes  after  launch.  The  salvo  terminates  17  minutes  after  initial  launch. 
The  rate  of  fire  is  assumed  to  be  Gaussian,  with  the  maximum  rate  of  fire  at 
the  midpoint  of  the  salvo.  The  long-range  SLBMs,  comprising  7  percent  of  the 
threat,  are  assumed  to  have  the  capability  of  delivering  an  initial  weapon 
approximately  15  minutes  after  launch,  to  terminate  the  salvo  30  minutes 
after  initial  launch,  and  to  follow  a  similar  rate-of-fire  pattern.  The  ICBM 
threat,  the  element  containing  most  of  the  EMI,  is  assumed  to  have  the 
capability  of  delivering  an  initial  weapon  30  minutes  after  launch.  The  full 
weight  of  this  attack  could  be  delivered  in  a  period  as  short  as  10  minutes 
or  it  could  be  distributed  over  a  period  as  long  as  30  minutes.  The  rate-of- 
flre  pattern  is  assumed  to  be  similar  to  the  SLBM  salvos.  Finally,  the  flying 
time  of  the  bomber  force  is  very  much  longer  than  the  times  for  missile 
dell^7ery.  Hence,  this  element  of  the  threat  does  not  impinge  on  the  movement- 
to-shelter  operation. 

The  basic  assumptions  underlying  the  curves  in  Figure  C.3  are:  (1) 
each  threat  contributes  its  fractional  share  of  the  total  EMT  to  the  attack; 

(2)  the  time  distribution  is  based  on  a  common  launch  time  and  a  common 
detection  time;  and  (3)  the  EMT  delivered  in  any  time  interval  is  equivalent 
to  the  fraction  of  the  population  experiencing  direct  effects  that  is 
affected  in  the  time  interval.  The  last  assumption  Implies  a  uniform 
(average)  population  density;  that  is,  early  salvos  are  not  directed  entirely 
on  low-population  density  counterforce  targets  unless  specifically  assumed. 

Thus,  the  rate  of  delivery  of  Elfl  describes  the  rate  at  which  target  area  is 
brought  into  the  direct-effects  region,  and  also  describes  the  rate  at  which 
population  is  brought  into  the  direct-effects  region.  The  attack  environment 
matrices  used  in  the  population  defense  model  define  the  fraction  of  the 
whole  population  brought  within  the  direct-effects  region  at  the  conclusion 
of  the  attack.  The  ordinate  in  Figure  C.3  is  the  fraction  of  the  population 
within  the  direct-effects  region  that  is  affected  by  time,  t,  in  minutes 
after  detection. 
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Figure  C.3a  shows  the  low  estimate  of  the  rate  of  Involvement  of  the 
direct-effects  population;  that  Is,  the  "slow"  war.  It  Is  assumed  for  this 
estimate  that  the  short-range  SLBM  threat  Is  not  deployed  off-shore  but  Is 
held  In  reserve.  Thus,  the  remaining  threats  consist  of  the  long-range 
SLBMs  (7  percent),  the  ICBMs  (84  percent)  and  the  bombers  (9  percent). 

Since  the  bombers  arrive  much  later,  the  fraction  affected  at  60  minutes 
after  detection  Is  91  percent  of  the  total  direct-effects  population.  Detection 
Is  assumed  to  be  one  minute  after  launch.  The  Initial  weapons  are  from  the 
long-range  SLBMs  and  arrive  during  the  14th  minute  after  detection.  The  rate 
of  delivery  Is  a  sigmoid  cumulative  distribution  terminating  at  the  29th 
minute.  This  Initial  salvo  Is  assumed  to  be  directed  preferentially  toward 

3 

counterforce  and  C  facilities,  so  that  7  percent  of  the  EMT  affects  only  5 
percent  of  the  direct-effects  population.  The  Initial  ICBM  warheads  begin 
arriving  during  the  29th  minute  and  build  up  over  a  30-mlnute  period  to  affect 
a  total  of  91  percent  of  the  direct-effects  population. 

Figure  C.3b  shows  the  best  estimate  or  "medium-speed"  war.  It  Is  assumed 
that  the  long-range  SLBMs  are  held  In  reserve  and  that  the  short-range  SLBMs 

3 

are  fully  deployed.  The  short-range  SLBMs  are  targeted  against  C  facilities 
mainly  where  the  average  population  density  applies.  The  Initial  weapons 
arrive  during  the  fifth  minute  after  detection  (one  minute  after  launch)  and 
build  up  to  affect  6  percent  of  the  direct-effects  population  by  the  end  of 
the  16th  minute.  There  Is  no  further  detonation  until  ICBM  weapons  begin 
arriving  during  the  29th  minute.  The  Initial  wave  Is  directed  at  counterforce 
targets  during  the  next  six  minutes,  again  affecting  5  percent  of  the  direct- 
effects  population  during  the  Interval.  The  main  countervalue  wave  of  ICBMs 
occurs  from  the  3Sth  to  the  45th  minute  and  brings  the  fraction  affected  to 
91  percent  of  the  direct-effects  population  as  In  the  low  estimate. 


Figure  C.3c  displays  the  high  estimate  or  fast"  war.  No  threat 
element  Is  held  In  reserve.  The  detection  of  attack  In  this  case  Is  assumed 
to  be  two  minutes  after  launch  so  that  the  Initial  weapons  begin  arriving 
during  the  fourth  minute  after  detection.  The  two  SLBM  threats  deliver 
weapons  In  two  successive  waves  encompassing  13  percent  of  the  direct- 
effects  population  by  the  end  of  the  28th  minute.  The  ICBMs  begin  arriving 
during  the  28th  minute  and  encompass  92  percent  of  the  direct-effects 
population  ten  minutes  later  (end  of  the  38th  minute) .  The  remaining  8 
percent  of  the  direct-effects  population  are  affected  by  bomber  weapons 
much  later. 

It  should  be  noted  that  the  various  assumptions  that  were  used  In 
developing  these  estimates  of  attack  dynamics  Intentionally  deviate  from 
those  that  might  be  chosen  If  Information  of  a  higher  security  classification 
were  employed.  But  the  results  are  believed  to  be  representative  of  the  time 

distribution  of  weapon  detonations  that  would  Impinge  on  the  movement-to- 

0 

shelter  operation. 


Estimates  of  FP,  FE.  and  FS  -  Public  Shelters 

Given  the  two  distributions  (a)  of  the  population  moving  to  shelter, 
as  In  Figure  C.2,  and  (b)  of  the  attack  dynamics,  as  In  Figure  C.3,  estimates 

of  FF  (the  fraction  In  shelter  when  subjected  to  attack  effects),  FE  (the 
fraction  In  the  open  when  subjected  to  attack  effects),  and  FS  (the  fraction 
In  buildings  at  random  when  subjected  to  attack  effects)  are  derived  from 
matching  the  two  distributions.  This  matching  has  been  done  minute  by  minute 
for  the  low  and  best  estimates  of  FS  and  FE  and  In  two-mlnute  Intervals  for 
the  high  estimate.  That  Is  to  say.  If  two  percent  of  the  direct-effects 
population  Is  brought  under  attack  during  a  given  minute  and  60  percent  of 
the  population  Is  In  the  open  during  this  minute,  then  1.2  percent  of  the 
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population  is  caught  In  the  open  during  that  minute.  The  summation  of 
these  calculations  over  the  period  In  iriilch  people  are  moving  to  shelter 
gives  the  estimate  of  FE',  the  fraction  caught  In  the  open  If  the  whole 
population  Is  moving  to  shelter.  Similar  calculations  produce  FS',  the 
fraction  caught  at  random  before  beginning  to  move.  Later,  these  estimates 
are  adjusted  for  the  fraction  moving  to  public  shelter  to  obtain  estimates 
of  FS  and  FE  as  Input  to  the  population  defense  model. 

To  obtain  the  low  estimate  of  FS '  and  FE ' ,  the  movement-to-shelter 
distributions  of  Figure  C.  2,  the  higher  performance  estimate,  are  matched 
against  the  "alow"  war  of  Figure  C.3a,  with  the  additional  estimate  that 
the  delay,  AW,  between  detection  and  alert  Is  2  minutes.  The  calculation 
Is  exhibited  In  Table  C.2.  The  time  after  alert  Is  shown  In  the  first 
column  and  the  fraction  starting  to  move  to  shelter  In  the  second  column. 

Those  still  getting  ready  are  the  complement  of  those  who  have  started 
(Coltimn  3).  The  fraction  who  have  arrived  In  shelter  are  shown  In  Column  4. 
Those  In  the  open  (Column  5)  are  those  who  have  started  (Column  2)  less  those 
who  have  arrived  In  shelter  (Column  4) .  The  fraction  affected  In  each  minute 
Is  shown  In  Column  6.  These  fractions  are  obtained  by  numerical  differentiation 
of  the  curve  In  Figure  C.3a.  Because  of  the  delay  between  detection  and 
warning.  Initial  weapons  arrive  during  the  12th  minute  but  the  fraction  affected 
Is  negligible.  Two-tenths  of  a  percent  are  affected  In  the  13th  minute  and 
the  peak  Is  at  one-half  percent  In  the  20th  and  21st  minutes  after  alert. 

Because  all  of  the  moving  population  Is  enroute  by  the  end  of  the  10th  minute, 
nobody  Is  caught  getting  ready  (FS*  ■  0).  The  fraction  caught  In  the  open 
each  minute  (Column  8)  Is  the  product  of  the  values  In  Columns  5  and  6.  The 
total,  0.79  percent.  Is  the  low  estimate  of  FE'. 

In  the  calculation  of  the  best  estimate,  movement-to-shelter  distributions 
are  matched  against  the  attack  dynamics  of  Figure  C.3b.  A  two-mlnute  delay 


between  detection  and  warning  la  again  assumed.  In  the  calculation  of  the 
high  estimate,  the  "fast"  war  of  Figure  C.3a  Is  matched  against  the  lower 
performance  estimate  of  Figure  C.2b.  The  delay  between  detection  and 
alert  Is  estimated  to  be  four  minutes.  The  summary  results  of  the  calculation 
of  the  low,  best,  and  high  estimates  of  FS'  and  FE'  for  Program  D  Prime  are 
shown  In  Table  C.3. 

The  results  of  these  calculations  are  used  In  Table  C.4  to  calculate 
the  low,  best,  and  high  estimates  of  FS  and  FE  at  the  completion  of  Program 
D  Prime.  The  fraction  of  stayputs  (at  random)  among  those  assigned  to  home 
basements  (FS)  was  derived  earlier  on.  None  In  this  group  are  caught  before 
moving  or  In  the  open  (FE  *  0) . 

The  fraction  moving  to  public  shelter  (FMS)  was  also  derived  earlier  on. 
The  potential  fractions  caught  before  moving  are  FS*  from  Table  C.3.  These 
fractions  are  multiplied  by  FMS  to  obtain  the  fraction  among  those  deciding 
to  move  who  are  caught  before  moving  and  added  to  the  fraction  who  are 
unwilling  to  go  or  are  not  persuaded  by  the  warning  (1  -  FMS)  to  obtain  the 
total  stayputs  at  random  In  buildings.  The  potential  fraction  caught  In  the 
open,  FE',  Is  drawn  from  Table  C.3  and  multiplied  by  FMS  to  obtain  the 
fraction  caught  In  the  open  among  those  moving  to  public  shelter  (FE) .  In 
the  Population  Defense  Model,  FS  and  FE  are  assessed  against  the  fraction 
of  the  population  assigned  to  each  shelter  class  (FA^) . 

C.2  ESTIMATES  FOR  CURRENT  CAPABILITY  MAINTAINED 
Distributions  of  Population  -  ^It 

For  the  basic  distributions  of  the  fractions  of  FMS^  —  In  shelter, 

FPj^^;  In  open,  and  unwarned,  —  shown  In  Figure  C.2  of  the 

rationale  for  D  Prime,  the  parameters  selected  for  this  present  case  are: 
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TABLE  C.3 

ESTIHATES  OF  FS*  AND  FE'  -  PROGRAM  D  PRIME 


LOW  ESTIMATE  BEST  ESTIMATE  HIGH  ESTIMATE 


Time  After 

Fraction 

Fraction 

Fraction 

Fraction 

Fraction 

Fraction 

Alert  Min 

Caught 

Caught 

Caught 

Caught 

Caught 

Caught 

Before 

In  Open 

Before 

In  Open 

Before 

In  Open 

Moving 

Moving 

Moving 

0 

FS' 

FE' 

FS' 

FE' 

FS' 

FE' 

2 

4 

-0- 

-0- 

6 

'  -0- 

-0- 

0.00760 

0.00040 

8 

0.00148 

0.00248 

0.00664 

0.00136 

10 

0.00088 

0.00300 

0.00928 

0.00672 

12 

0.00036 

0.00249 

0.00414 

0.01386 

14 

0.00180 

0.00030 

0.00415 

0.00033 

0.01012 

16 

0.00256 

0.00006 

0.00486 

0.00027 

0.00846 

18 

0.00172 

-0- 

0.00600 

0.00018 

0.00819 

20 

0.00106 

0.00552 

-0.- 

0.01056 

22 

0.00060 

0.00496 

0.01476 

24 

0.00013 

0.00330 

0.00176 

26 

0.00003 

0.00144 

0.00378 

28 

0.00126 

0.00156 

30 

0.00007 

0.02090 

32 

-0- 

6.05180 

34 

0.05580 

36 

0.02220 

38 

0.00440 

40 

_ =0= _ 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 


TOTAL  -0-  0.0079  0.00308  0.03953  0.02899  0.24363 
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TABLE  C.4 

ESTIMATES  OF  FS  AND  FE  -  PROGRAM  D  PRIME 


DESCRIPTION 

CODE 

LOW 

BEST 

HI(a 

HOME  BASEMENTS 

Fraction  Caught  at  Random 

FS 

0.17 

0.11 

0.05 

PUBLIC  SHELTER 

Fraction  Ifovlng  to  Shelter 

FMS 

0.81 

0.88 

0.95 

Potential  Fraction  Caught  Before  Moving 

FS' 

0.03 

-0- 

-0- 

Fraction  of  FMS  Caught  Before  Moving 
•  FMS  •  FS' 

0.02 

-0- 

-0- 

Fraction  Not  Moving  ■  1  -  FMS 

0.19 

0.12 

0.05 

Fraction  Caught  at  Random 

-  FMS  •  FS'  +  (1  -  FMS) 

FS 

0.21 

0.12 

0.05 

Potential  Fraction  Caught  In  Open 

FE' 

0.24 

0.04 

0.01 

Fraction  Caught  In  Open  ■  FMS  •  FE' 

FE 

0.23 

0.03 

0.01 
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Warning  System:  Siren  with  Delayed  Confirmation  (a  ■  0.17) 

Preparedness:  Low  (3  “  0.41) 

Population  Distribution:  Uniform 

The  resultant  distributions  are  shown  in  Figure  C.4.  ‘  j 

Fraction  Going  to  Shelter  -  FMS^  l 

The  effectiveness  of  CHAT  (E  )  was  set  to  zero  because  the  CHAT 

sc 

method  does  not  exist.  Similarly  the  capability  (WY)  and  effectiveness 

(E„)  of  the  wardens  were  set  to  zero  because  neither  the  service  nor  the 

function  exist  in  present  plans.  The  effectiveness  of  public  prepared ’ess 

activities  (I^)  in  Inducing  people  to  warn  others  was  taken  one  half  of 

that  for  D  Prime.  On  the  other  hand,  the  effectiveness  (I.  )  in  educating 

b 

the  people  about  warning  was  taken  75  percent  of  that  for  D  Prime. 

Effectiveness  of  Warning  Systems  (E  .  ..) 

s  (x)  , 

The  only  change  in  estimating  E^^^^is  the  elimination  of  CHAT.  The 

estimated  effectiveness  of  NAWAS  remains  unchanged  from  D  Prime. 


0  10  20  30  40  so  60  70  ( 

TIME  AFTER  START  OF  ALERT  (MIN) 

FIGURE  C.4  DISTRIBUTION  OF  POPULATION 
MOVING  TO  SHELTER  CLASS  i 
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Results  for  Current  Capability  Maintained 

When  the  values  of  Figure  C.4  for  the  Current  Capability  Maintained 
are  combined  with  the  parameters  of  the  low,  best,  and  high  attacks  as 
described  above,  estimates  of  FS*  and  FE'  are  found  as  shown  In  Table  C.5. 
When  these  values  of  FS*  and  FE'  are  combined  with  the  values  of  FMS  as 
calculated  above,  the  low,  best,  and  high  estimates  of  FS  and  FE  In  Table 
C.6  are  obtained  for  use  In  evaluating  the  Current  Capability  Maintained 
in  the  MCFOPDEF  model. 

C.3  COMPARISON  OF  RESULTS 

To  demonstrate  the  effects  of  the  above  differences  in  inputs  to  the 
FP,  FE,  FS  part  of  PAM  between  Program  D  Prime  and  Current  Capability  Main¬ 
tained,  the  calculated  Intermediate  and  final  results  are  compared; 

Current  Capability 


Progr, 

am  D  Prime 

Maintained 

Low 

Best 

High 

Low 

Best 

High 

FS 

(Home) 

0.05 

0.11 

0.17 

0.20 

0.42 

0.58 

FS 

(Public) 

0.05 

0.12 

0.21 

0.29 

0.47 

0.66 

FE 

(Public) 

0.01 

0.03 

0.23 

0.08 

0.12 

0.26 

FMS 

(Home) 

0.83 

0.89 

0.95 

0.43 

0.59 

0.74 

FMS 

(Public) 

0.81 

0.88 

0.95 

0.42 

0.58 

0.74 
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TABLE  C.5 

ESTIMATES  OF  FS'  AND  FE’  -  CURRENT  CAPABILITY  MAINTAINED 


Low  Estimate 

Best 

Estimate 

Hieh  Estimate 

Time 

Fraction 

Fraction 

Fraction 

Fraction 

Fraction 

Fraction 

After 

Caught 

Caught 

Caught 

Caught 

Caught 

Caught 

Alert 

Before 

In  Open 

Before 

In  Open 

Before 

In  Open 

(min) 

Moving 

Moving 

Moving 

(FS') 

(FE') 

(FS') 

(FE') 

(FS') 

(FE') 

0 


2 

4 

0 

0 

0 

6 

0.0080 

0.0001 

0.0080 

0 

8 

0.0075 

0.0005 

0.0078 

0J3002 

10 

0.0118 

0.0022 

0.0147 

0.0013 

12 

0.0120 

0.0040 

0.0149 

0.0031 

14 

0.0021 

0.0018 

0.0058 

0.0031 

0.0079 

0.0031 

16 

0.0036 

0.0040 

0.0027 

0.0022 

0.0055 

0.0034 

18 

0.0030 

0.0044 

0.0046 

0.0042 

20 

0.0028 

0.0051 

0.0052 

0.0061 

22 

0.0023 

0.0051 

0.0063 

0.0099 

24 

0.0011 

0.0028 

0.0035 

0.0068 

26 

0.0008 

0.0026 

0.0014 

0.0034 

28 

0.0008 

0.0022 

0.0006 

0.0016 

30 

0.0023 

0.0069 

0.0003 

0.0009 

0.0094 

0.0270 

32 

0.0025 

0.0080 

0.0024 

0.0074 

0.0278 

0.0814 

34 

0.0031 

0.0105 

0.0022 

0.0073 

0.0403 

0.1240 

36 

0.0037 

0.0134 

0.0028 

0.0095 

0.0204 

0.0648 

38 

0.0039 

0.0169 

0.0063 

0.0228 

0.0050 

0.0171 

40 

0.0036 

0.0227 

0.0159 

0.0702 

0 

0 
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ESTIMATES  OF  FS  AND  FE  -  CURRENT  CAPABILITY  MAINTAINED 


DESCRIPTION 

CODE 

LOW 

BEST 

HOME  BASEMENTS 

Fraction  Caught  at  Random 

FS 

0.58 

0.42 

PUBLIC  SHELTER 

Fraction  Moving  to  Shelter 

FMS 

0.42 

0.58 

Potential  Fraction  Caught  Before  Moving 

FS' 

0.18 

0.09 

Fraction  of  FMS  Caught  Before  Moving 
-  FMS  •  FS' 

0.08 

0.05 

Fraction  Not  Moving  ■  1  -  FMS 

0.58 

0.42 

Fraction  Caught  at  Random 

»  FMS  •  FS'  +  (1  -  FMS) 

FS 

0.66 

0.47 

Potential  Fraction  Caught  In  Open 

FE' 

0.36 

0.21 

Fraction  Caught  in  Open  ■  FMS  •  FE' 

FE 

0.26 

0.12 

EFFECTIVENESS  OF  IMPROVING  BLAST  POSTT’FE  (AMLOP,  AMCOP) 
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EFFECTIVENESS  OF  IMPROVING  BLAST  POSTURE  (AMLOP,  AMCOP) 


This  Appendix  presents  the  rationale  for  the  input  values  used  in  the 
Program  Analysis  Model  (PAM)  to  produce  estimates  of  AMLOP  and  AMCOP  for 
two  programs:  D  Prime  and  Current  Capability  Maintained.  In  addition.  It 
demonstrates  the  calculation  In  PAM  of  the  estimates  of  AMLOP  and  AMCOP  for 
Program  D  Prime. 

The  structure  of  this  Appendix  follows  that  of  the  definitive  description 
of  PAM  in  Appendix  B,  Section  B.3,  of  W.E.  Strope  and  J.F.  Devaney, 

Effectiveness  of  Civil  Defense  Systems.  Center  for  Planning  and  Research,  Inc., 
(June  1979).  The  relationships  referred  to  herein  are  those  defined  in  that 
report;  for  example,  "relationship  4"  in  AMLOP  In  this  Appendix  refers  to 
"relationship  4"  in  AMLOP  in  the  report. 

This  rationale  starts  with  the  calculation  of  AMLOP/AMCOP  and  proceeds 
through  the  calculation  of  the  effectiveness  of  efforts  to  improve  blast 
posture  (E^)  ^nd  then  to  the  subordinate  calculations  that  produce  Intermediate 
estimates. 
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D.l  ESTIMATES  FOR  PROGRAM  D  PRIME 


Increase  In  Blast  Protection  (AMLOP,  AMCOP 


The  Increase  In  protection  achieved  by  Improving  the  posture  of  shelter 
occupants  to  avoid  attack  effects  Is  obtained  by  applying  the  estimate  of 
the  fraction  of  the  population  of  a  shelter  class  In  the  Improved  posture 
to  the  technical  estimate  of  the  potential  Increase  In  MLOP  and  MCOP  If  all  of 
the  occupants  were  In  the  Improved  posture.  This  Is  shown  In  Table  C.l  \diere 
E^P  for  public  shelters  (brought  forward  from  a  subordinate  calculation)  Is 
applied  In  turn  to  the  technical  estimates  for  AMLOP  and  AMCOT  (see  Appendix 
I)  for  the  several  classes  of  public  shelter  as  In  relationship  10, 

AMLOP  -  E  fl  •  AMLOP' 

mil 


AMCOP  -  E 


AMCOP' 


Also  shown  in  Table  D.l  arc  the  estimates  of  AMLOP  and  AMCOP  for  home 

basements.  It  will  be  noted  that  E  „  for  home  basements  has  a  value  that 

m£ 

differs  from  that  for  public  shelters.  This  will  be  demonstrated  later  on. 


Effectiveness  of  Improving  Blast  Posture  (E  . >  -  Public  Shelter 


Improving  the  blast  posture  of  shelter  occupants  Is  a  function  of  the 
shelter  managers.  According  to  the  1974  program  paper,  there  were  203,000 
shelter  managers  on  board  who  covered  49.5  million  shelter  spaces  out  of  139 
million  spaces  planned  for  use,  or  about  36  percent  of  the  population  assigned 
to  public  shelter. 

There  Is  some  evidence  that  the  Risk  areas  are  better  served  than  Host 
areas.  It  Is  also  estimated  that  there  has  been  some  erosion  since  1974. 
Hence,  the  high  estimate  Is  taken  to  be  35  percent  for  Risk  areas  in-place, 

The  low  estimate  Is  taken  to  be  60  percent  of  the  1974  datum  (about  10  percent 
less  per  year  from  1974  to  1978) .  The  result  (22  percent)  was  rounded  down 
to  20  percent.  The  best  estimate  Is  somewhat  higher  than  the  low  estimate 
(25  percent) .  The  estimates  for  Host  In-place  and  Neither  areas  are  based  on 
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CATEGORY  RISE 

In-Pl.c. 


Tabla  D.l 

AMLOP  and  AMCOP  -  PROGRAM  D  PRIME 
HOST 

Ralocated  In-PIaca  Raloeacad 


H/A 

IB-Placc 


Low 

Best 

High 

Low 

Baac 

High 

Low  Base 

High 

Low 

Baac 

High 

Low 

Baat 

High 

PUBLIC  SHELTERS 

0.48 

0.68 

0.94 

0.04 

0.08 

0.16 

0.34  0.61 

0.88 

0.37 

0.66 

0.93 

0.29 

0.58 

0.88 

Cat.  A 
AMLOP' 
AMLOP 

.  XU 
0.1 
O.OS 

0.1 

0.07 

0.1 

0.09 

0.1 

0.1 

0.01 

0.1 

0.02 

0.1  0.1 
0.03  0.06 

0.1 

0.09 

0.1 

0.04 

0.1 

0.07 

0.1 

0.09 

0.1 

0.03 

0.1 

0.06 

0.1 

0.09 

AMCOP' 

AMCOP 

0.1 

O.OS 

0.1 

0.07 

0.1 

0.09 

0.1 

0.1 

0.01 

0.1 

0.02 

0.1  0.1 
0.03  0.06 

0.1 

0.09 

0.1 

0.04 

0.1 

0.07 

0.1 

0.09 

0.1 

0.03 

0.1 

0.06 

0.1 

0.09 

Cat  B/C 
AMLOP'  0.3 
AMLOP  0.14 

0.3S 

0.24 

0.4 

0.37 

0.3 

0.01 

0.35 

0.03 

0.4 

0.07 

0.3  0.35 
0.10  0.21 

0.4 

0.35 

0.3 

0.11 

0.35 

0.23 

0.4 

0.37 

0.3 

0.09 

0.35 

0.20 

0.4 

0.35 

11 

0.3 

0.14 

0.3S 

0.24 

0.4 

0.37 

0.3 

0.01 

0.35 

0.03 

0.4 

0.07 

0.3  0.35 
0.10  0.21 

0.4 

0.35 

0.3 

0.11 

0.35 

0.23 

0.4 

0.37 

0.3 

0.09 

0.35 

0.20 

0.4 

0.35 

Cat.  E/F 
AMLOP'  0.1 
AMLOP  O.OS 

0.1 

0.07 

0.1 

0.09 

0.1 

0.1 

0.01 

0.1 

0.02 

0.1  0.1 
0.03  0.06 

0.1 

0.09 

0.1 

0.04 

0.1 

0.07 

0.1 

0.09 

0.1 

0.03 

0.1 

0.06 

0.1 

0.09 

AMCOP' 

AMCOP 

1.0 

0.48 

1.0 

0.68 

1.0 

0.93 

1.0 

0.03 

1.0 

0.08 

1.0 

0.17 

1.0  1.0 
0.34  0.61 

1.0 

0.88 

1.0 

0.37 

1.0 

0.66 

1.0 

0.93 

1.0 

0.30 

1.0 

0.56 

1.0 

0.88 

Cat  G/H/I 
AMLOP'  0.4 
AMLOP  0.19 

0.6 

0.41 

0.8 

0.74 

0.4 

O.OI 

0.6 

0.04 

0.8 

0.14 

0.4  0.6 
0.14  0.37 

0.8 

0.70 

0.4 

0.15 

0.6 

0.40 

0.8 

0.74 

0.4 

0.12 

0.6 

0.34 

0.8 

0.70 

o  o 

O.S 

0.24 

O.S 

0.34 

0.5 

0.47 

0.5 

0.02 

0.5 

0.04 

0.5 

0.08 

0.5  0.5 
0.17  0.30 

O.S 

0.44 

O.S 

0.19 

O.S 

0.33 

0.5 

0.47 

O.S 

0.15 

O.S 

0.28 

0.5 

0.44 

"HOIE 

BASEMENTS  (Cat  D) 

0.16 

0.3S 

0.5S 

0.02 

0.04 

0.07 

0.11  0.30 

0.52 

0.11 

0.30 

0.52 

0.11 

0.30 

0.52 

0.1 

0.02 

O.IS 

O.OS 

0.2 

0.11 

0.1 

0.15 

0.01 

0.2 

0.01 

0.1  0.15 
0.01  0.05 

0.2 

0.10 

0.1 

0.01 

0.15 

O.OS 

0.2 

0.10 

0.1 

0.01 

0.15 

O.OS 

0.2 

O.IC 

AMCOP' 

AMCOP 

0.8 

0.13 

0.9 

0.32 

1.0 

0.55 

0.8 

0.02 

0.9 

0.04 

1.0 

0.07 

0.8  0.9 
0.09  0.27 

1.0 

0.52 

0.8 

0.09 

0.9 

0.27 

1.0 

0.52 

0.8 

0.09 

0.9 

0.27 

1.0 

0.52 

degrading  the  Risk  In-place  estimates  by  5  percent  of  the  population.  It  was 
Judged  that,  after  relocation,  the  host-area  coverage  would  be  the  equal  of  the 
Risk  In-place  coverage  since  nearly  all  of  the  managers  would  move  with  the 
relocatees.  Finally,  the  coverage  in  the  Risk  areas  after  relocation  was 
judged  to  be  very  low,  since  the  residual  population  would  be  stay-puts. 

The  estimates  for  AWLR,  the  added  fraction  of  the  population  provided 
with  shelter  managers  by  Program  D  Prime,  are  based  on  plans  to  train  about 
one-third  of  the  total  requirement  in  peacetime  (7  years)  and  the  remainder 
during  the  surge  period.  The  actual  estimates  of  AWLR  were  obtained  by 
subtraction  from  a  judgmental  evaluation  that  the  total  (WLR)  would  actually 
range  from  60  to  90  percent  coverage  In  Risk-areas  in-place,  with  70  percent 
as  the  best  estimate.  The  performance  In  Host  areas  was  assessed  as  between 
SO  and  80  percent.  The  performance  In  Neither  areas  was  judged  somewhat  lower 
for  the  low  and  best  estimate.  For  the  Risk  areas  after  relocation,  the 
evaluation  assumes  that  the  same  proportion  of  managers  recruited  during  the 
program  would  stay  behind  as  would  managers  now  on  board.  Since  AWLR  for 
Risk  In-place  Is  roughly  twice  WLR^,  this  relationship  Is  assumed  for  the 
Relocated  Risk  areas.  Then,  In  relationship  1,  WLR  ®  WLR^  +  AWLR,  and 

RISK  HOST  N/A 


In-Place 

Relocated 

In-Place 

Relocated 

WLR 

o 

0.25 

0.02 

0.20 

0.25 

0.20 

AWLR 

0.45 

0.04 

0.40 

0.45 

0.35 

WLR  (Best) 

0.70 

0.06 

0.60 

0.70 

0.55 

(Low) * 

0.60 

0.02 

0.50 

0.60 

0.40 

(High)* 

0.90 

0.15 

0.80 

0.90 

0.80 

It  was  assumed  that  shelter  manager  training  In  Program  D  Prime  would 
Include  emphasis  on  placing  shelterees  in  the  blast  protective  posture  as 
they  entered  shelter.  However,  managers  on  board  have  not  had  such  training 


* 


Calculations  for  high  and  low  estimate  omitted. 
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I 

\ 

i'. 


and  would  need  to  be  retrained.  Hence,  VLT  Is  zero  in  all  cases.  The 

o 

estimates  of  AWLT  were  based  on  the  evaluation  that  the  program  plus  surge 
would  find  all  those  brought  on  board  by  the  program  trained  plus  one-half 
of  the  existing  managers  needing  retraining,  except  for  the  high  estimate. 

In  which  all  now  on  board  are  assumed  trained.  Hence,  WLT  Is  less  than  WLR 
(except  In  the  high  estimate)  and  becomes  WL’,  the  fraction  of  the  population 
In  public  shelters  with  a  manager  who  would  attempt  to  put  them  In  the  blast 
protective  posture,  given  Instructions  to  do  so  from  D&C  at  the  time.  Then, 
In  relationship  2,  WLT  -  WLT^  +  AWLT,  and 


RISK 

HOST 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

WLT 

_ 

_ 

_ 

0 

AWLT 

0.58 

0.05 

0.50 

0.58 

0.45 

WLT  (Best) 

0,58 

0.05 

0.50 

0.58 

0.45 

(Low) 

0.50 

0.02 

0.42 

0.50 

0.32 

(High) 

0.90 

0.12 

0.80 

0.90 

0.80 

And  In  relationship 

3,  WL'  - 

Min  WLR  ;  WLT, 

and 

RISK 

HOST 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

(Low) 

0.50 

0.02 

0.42 

0.50 

0.32 

HL'  (Best) 

0.58 

0.05 

0.50 

0.58 

0.45 

(High) 

0.90 

0.12 

0.80 

0.90 

0.80 

This  potential  (WL')  must  be  degraded  by  the  less-than-perfect  provision 
of  Instructions  from  D&C  (SP).  The  effect  of  Influence  of  such  guidance  (ASP) 
Is  based  on  estimates  of  the  fraction  of  shelter  managers  that  could  be 


expected  to  adopt  the  blast  protective  posture  without  any  guidance.  Then, 

^SP  Is  the  complement  of  these  estimates.  For  the  Risk  In-place,  It  was 
judged  that  20  to  50  percent  would  take  the  Initiative,  with  35  percent  as 
the  best  estimate.  It  was  Judged  to  be  the  same  In  the  relocated  mode.  On 
the  other  hand.  It  was  estimated  that  the  fraction  of  "self-starters"  would 
be  much  lower  (5  to  20  percent)  In  Host  and  N/A  areas,  even  If  all  managers 
received  the  same  training,  because  of  a  widespread  feeling  that  these  areas 
were  "safe"  from  direct  effects.  Then,  In  relationship  4,  WL  “  WL' {l-^SP(l-SP) }, 
and 

RISK  HOST  N/A 


In-Place 

Relocated 

In-Place 

Relocated 

WL’ 

0.58 

0.05 

0.50 

0.58 

0.45 

SP 

0.96 

0.92 

0.92 

0.92 

0.92 

ASP 

0.65 

0.65 

0.85 

0.85 

0.85 

WL  (Best) 

0.56 

0.05 

0.47 

0.54 

0.48 

(Low) 

0.46 

0.02 

0.30 

0.35 

0.23 

(High) 

0.90 

0.12 

0.79 

0.89 

0.79 

Some 

shelters  would 

not  have 

trained  managers;  in  these 

,  an  emergent 

leader  would  take  charge.  It  Is  judged  that  Including  Information  about 
Improved  blast  posture  In  crisis  public  information  to  prepare  the  public 
for  occupying  the  shelters  would  result  In  from  50  to  80  percent  of  these 
emergent  leaders  attempting  to  achieve  the  Improved  posture,  given  instructions 
from  D&C,  In  all  but  the  Risk-relocated  areas.  The  importance  of  EBS  guidance 
(ASO)  was  considered  very  high.  Only  5  to  30  percent  would  adopt  the  posture 
without  It  In  the  Risk  In-place  and  only  1  to  10  percent  In  other  modes.  Thus, 
OL  was  considerably  reduced  from  Its  potential  value.  Then,  combining 
relationships  6  and  7,  OL  -  I,(l  -  AS0(1  -  SO)},  and 


RISK 


In-Place  Relocated  In-Place  Relocated 


Id 

0.65 

0.07 

0.65 

0.65 

0.65 

so 

0.74 

0.71 

0.71 

0.71 

0.71 

ASO 

0.85 

0.95 

0.95 

0.95 

0.95 

OL  (Best) 

0.51 

0.05 

0.47 

0.47 

0.47 

(Low) 

0.34 

0.03 

0.26 

0.26 

0.26 

(High) 

0.69 

0.08 

0.66 

0.66 

0.66 

Emergent  leaders  and 

shelter  managers  would 

have  different  abilities 

to  actually  put  the  shelterees  In  the  posture.  The  advisory  group  judged 

that  trained 

shelter  managers  would  be 

80  to  95  percent  successful  In  all 

cases.  Emergent  leaders. 

on  the  other 

hand,  would  have  a  lower  and  more 

variable  success  rate  (from  50  to  80  percent  success) .  Then, 

In  relationship 

5,  E  -  K,  • 

*  w  1 

WL,  and 

N/A 

RISK 

HOST 

In-Place 

Relocated 

In-Place 

Relocated 

WL 

0.56 

0.05 

0.47 

0.54 

0.42 

^1 

0.90 

0.90 

0.90 

0.90 

0.90 

E^  (Best) 

0.51 

0.04 

0.42 

0.49 

0.38 

(Low) 

0.37 

0.01 

0.24 

0.28 

0.18 

(High) 

0.85 

0.11 

0.75 

0.85 

0.75 

And  In 

relationship 

8,  E  -  K2  • 

OL,  and 

RISK 

HOST 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

OL 

0.51 

0.05 

0.47 

0.47 

0.47 

K2 

0.70 

0.70 

0.70 

0.70 

0.70 

E^  (Best) 

0.35 

0.04 

0.33 

0.33 

0.33 

(Low) 

0.17 

0.02 

0.13 

0.13 

0.13 

(High) 

0.55 

0.07 

0.52 

0.52 

0.52 
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The  effectivenesses  of  the  manager  and  the  emergent  leader  are  redundant 
that  Is,  a  person  could  be  led  into  the  Improved  posture  by  either  a  manager 
or  an  emergent  leader,  but  need  not  be  led  by  both.  Then,  In  relationship  9, 


■  E  +  E  -EE,  and 
mx  w  o  wo 


RISK 

In-Place 

Relocated 

HOST 

In-Place 

Relocated 

N/A 

®inJl  (Best) 

0.68 

0.08 

0.61 

0.66 

0.58 

(Low) 

0.48 

0.04 

0.34 

0.37 

0.29 

(High) 

0.94 

0.16 

0.88 

0.93 

0.88 

Effectiveness  of  Improving  Blast  Posture  ~  Home  Basements 

For  home  basement,  (Category  D)  It  Is  Judged  that,  although  each  family 
would  have  a  "leader",  the  fraction  prepared  for  the  blast  protective  posture 
by  emergency  public  Information  during  the  crisis  would  be  no  higher  than  In 
public  shelter;  hence,  would  remain  the  same.  It  was  also  assumed  that 
families  would  take  at  least  one  radio  to  the  basement  (SOE  equals  1.0  In  the 
calculation  of  SO,  SP) .  However,  only  EBS  broadcasts  would  be  available  In 
home  basements;  hence,  the  receipt  of  Instructions  would  be  limited  to  SO'  In 
the  calculation  of  SO.  The  ability  to  understand  the  Instructions  was  judged 
to  be  the  same  as  with  emergent  leaders  In  public  shelter,  K2.  Hence,  SO  for 
home  basements  Is  somewhat  lower  than  that  calculated  for  public  shelters. 
Therefore,  OL  for  home  basements  Is  somewhat  lower  than  that  calculated  for 
public  shelters.  The  relative  effectiveness  of  people  In  home  basements  to 
actually  assume  the  protective  posture  was  Judged  to  be  equal  to  the  emergent 
leader  In  public  shelter.  Then,  combining  relationships  6,  7,  8,  and  9  for 
home  basements,  -  ASO(l  -  S0)}K2,  and 


RISK 

HOST 

N/A 

In-Place 

Relocation 

In-Place 

Relocated 

0.65 

0.07 

0.65 

0.65 

0.65 

so 

0.72 

0.70 

0.65 

0.65 

0.65 

ASO 

0.85 

0.95 

0.95 

0.95 

0.95 

*^2 

0.70 

0.70 

0.70 

0.70 

0.70 

E^  (Best) 

0.35 

0.04 

0.30 

0.30 

0.30 

(Low) 

0.16 

0.02 

0.11 

0.11 

0.11 

(High) 

0.55 

0.07 

0.52 

0.52 

0.52 

Shelter  Communications  (SO.  SPj 


Shelters  would  have  two  possible  ways  of  receiving  communications  from 
D&C:  (a)  via  EBS  using  broadcast  receivers  brought  by  occupants  and  (b)  via 
system  communications.  Be  ch  are  available  to  a  trained  manager  or  to  an 
emergent  leader.  Because  of  the  effectiveness  of  emergency  public  Information 
to  date.  It  was  estimated  that  75,  85,  90  percent  of  families  would  take  a 
battery-powered  radio  to  shelter,  except  in  the  Relocated  Risk  areas  where 
only  SO,  60,  75  percent  of  stay-puts  would  bring  a  radio.  Since  the  average 
number  of  families  in  public  shelter  is  estimated  to  be  80  families,  there  is 
certainty  that  there  would  be  at  least  one  radio  in  each  shelter  (SOE  ■  1) . 

For  communications  via  EBS,  the  D&C  capability  (DS)  was  calculated  separately. 

In  estimating  ADS,  it  was  Judged  that,  even  if  local  D&C  failed  to  transmit 
instructions,  40,  SO,  60  percent  of  the  population  in  all  modes  would  get  such 
instructions  in  messages  from  Federal  or  State  broadcasts.  Then,  in  relationship 
4,  SO'  -  S0E{1  -  ADS(1  -  DS)},  and 
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In-Place 

RISK 

Relocated 

In-Place 

HOST 

Relocated 

N/A 

SOE' 

1.00 

1.00 

1.00 

1.00 

1.00 

DS 

0.93 

0.87 

0.72 

0.72 

0.72 

ADS 

0.50 

0.50 

0.50 

0.50 

0.50 

SO' 

(Best) 

0.96 

0.93 

0.87 

0.87 

0.87 

(Low) 

0.90 

0.86 

0.63 

0.63 

0.63 

(High) 

1.00 

0.99 

0.98 

0.98 

0.98 

According  to  the  1974  program  paper,  60  percent  of  shelter  spaces  have 
communications  to  an  EOC.  However,  most  of  this  capability  is  believed  to 
be  via  telephone.  Telephonic  communications  would  be  too  slow  to  be  useful 
for  this  function.  Hence,  it  was  judged  that  not  more  than  10  percent  of  the 
population  in  each  mode  would  be  served  by  indigenous  radio  transceivers  (mainly 
CB)  from  shelters  to  shelter  complex  headquarters  to  EOC  (the  program  papers 
indicate  that  1650  shelter  complex  headquarters  were  in  existence  in  1970) ,  with 
S  percent  being  the  best  estimate.  However,  at  the  completion  of  Program  D  Prime, 
given  a  one-week  surge  period,  it  was  estimated  that  an  additional  60,  70,  80 
percent  of  the  population  would  have  radio  communications  with  EOCs  except  for 
the  case  of  Risk  Relocated,  where  many  hand-held  transceivers  were  judged  to 
have  moved  with  the  relocating  population.  Therefore,  at  completion  of  Program 
D  Prime,  shelter  communications  with  EOCs  (SPE)  was  estimated  to  cover  60,  75,  90 
percent  of  the  population  in  all  modes  except  in  Relocated  Risk  areas  (20,  30, 

40  percent) . 

The  O&C  capability  (DX)  was  calculated  separately.  It  was  judged  that 
ADX  would  be  unity,  since  there  was  no  alternative  way  for  the  instruction  to  be 
received  at  shelter  complex  headquarters.  Then,  in  relationship  6, 

SP'  -  SPE{1  -  AOX(l  -  DX)},  and 


I 

w  >> 


RISK 

HOST 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

SPE 

0.75 

0.30 

0.75 

0.75 

0.75 

DX 

0.98 

0.97 

0.76 

0.76 

0.76 

AOX 

1.00 

1.00 

1.00 

1.00 

1.00 

SP'  (Best) 

0.74 

0.29 

0.57 

0.57 

0.57 

(Low) 

0.55 

0.18 

0.26 

0.26 

0.26 

(High) 

0.90 

0.40 

0.85 

0.85 

0.85 

The  ability  to  receive  communications  via  EBS  (SO')  and  the  ability  to  do  so 
via  system  channels  (SP')  are  redundant  and  in  relationship  7,  SR'  -  SO'  +  SP'  - 
SO'  •  SP'.  However,  the  understandabllity  of  D&C  Instructions  to  emergent  leaders 
(70,  75,  85  percent)  is  judged  substantially  lower  than  to  trained  managers  (95,  97, 
99  percent).  Then  In  relationship  8,  the  ability  of  an  emergent  leader  to  receive 
Instructions  SO  ■  K2  ’  SR'  and  in  relationship  9,  the  relative  ability  of  a 
trained  manager  to  receive  instructions  SP  *  •  SR',  and 


RISK 

HOST 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

SO' 

0.96 

0.93 

0.87 

0.87 

0.87 

SP' 

0.74 

0.29 

0.57 

0.57 

0.57 

SR' 

(Best) 

0.99 

0.95 

0.94 

0.94 

0.94 

''2 

0.75 

0.75 

0.75 

0.75 

0.75 

SO 

(Best) 

0.74 

0.71 

0.71 

0.71 

0.71 

(Low) 

0.67 

0.62 

0.51 

0.51 

0.51 

(High) 

0.80 

0.80 

0.80 

0.80 

0.80 

^3 

0.97 

0.97 

0.97 

0.97 

0.97 

SP 

(Best) 

0.96 

0.92 

0.92 

0.92 

0.92 

(Low) 

0.91 

0.84 

0.69 

0.69 

0.69 

(High) 

0.99 

0.98 

0.99 

0.99 

0.99 
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D&C  ~  Public  Information  (PS) 

For  this  evaluation,  the  estimate  of  DS  was  started  at  the  DS'  level  with 
the  evaluation  that  90,  95,  100  percent  could  be  Informed  pre-attack  In  all 
modes  except  the  Relocated  Risk  area  where  It  would  be  slightly  less.  These 
estimates  were  degraded  by  the  evaluation  of  whether  passing  the  Instructions 
would  be  In  the  operational  checklist  (PB),  as  they  are  In  the  ALFA  NEOP.  This 
was  judged  to  be  a  high  probability  In  Risk  areas  (90,  95,  100  percent)  but 
much  lower  In  Host  and  Neither  areas.  The  effect  of  the  checklist  (APB)  was 
considered  large  In  Host  and  Neither  areas  (only  5,  20,  40  percent  would  do  It 
without  the  checklist);  leas  so  In  Risk  areas  (20,  50,  80  percent  would 
broadcast  anyvay  In  the  In-place  mode).  Then,  In  relationship  13, 

DS  -  DS'{1  -  APB(1  -  PB)},  and 


RISK 

HOST 

N/A 

In-Place  Relocated 

In-Place 

Relocated 

DS' 

0.95 

0.90 

0.95 

0.95 

0.95 

PB 

0.95 

0.95 

0.70 

0.70 

0.70 

APB 

0.50 

0.60 

0.80 

0.80 

0.80 

DS 

(Best) 

0.93 

0.87 

0.72 

0.72 

0.72 

(Low) 

0.83 

0.77 

0.39 

0.39 

0.39 

(High) 

1.00 

0.95 

0.94 

0.94 

0.94 

D&C  -  Inform  System  (DZ) 

The  ability  of  D&C  to  give  system  Information  to  the  warden  service  Is 
coded  DX  but  the  general  coding  Is  DZ  which  applies  to  all  of  the  services. 

For  this  evaluation,  the  estimate  of  DZ  was  started  at  the  DZ'  level.  Given 
the  hardware,  SPE,  EOCs  could  certainly  pass  the  Instruction  (DZ*  ■  1.00). 

This  estimate  was  degraded  by  evaluating  the  existence  and  effect  of  the 
action  In  the  operational  checklist.  PB  and  APB  are  considered  to  be  Identical 
with  their  values  for  estimating  DS.  Organization  exercise  Is  judged  of  no 
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significance  in  this 

case  (API  “0.0 

and  PI 

,  not  material) . 

Then 

relationship  10,  DZ  ~ 

DZ’{1  -  APB(1  - 

PB)}, 

and 

RISK 

HOST 

N/A 

In-Place 

Relocated 

In-Place  Relocated 

DZ' 

1.00 

1.00 

1.00 

1.00 

1.00 

PB 

0.95 

0.95 

0.70 

0.70 

0.70 

APB 

0.50 

0.30 

0.80 

0.80 

0.80 

DZ  (Best) 

0.98 

0.97 

0.76 

0.76 

0.76 

(Low) 

0.92 

0.91 

0.43 

0.43 

0.43 

(High) 

1.00 

1.00 

0.94 

0.94 

0.94 

D.2  ESTIMATES  FOR  CURRENT  CAPABILITY  MAINTAINED 

Values  for  AMLOP  and  AMCOP  for  the  Current  Capability  Maintained  Program 

for  public  shelters  and  home  basements  are  shown  in  Table  D.2.  To  obtain 

these  estimates  the  following  changes  from  the  input  values  used  for  estimating 

E  „  for  Program  D  Prime  were  made, 
mx 

Effectiveness  of  Improving  Blast  Posture  (E  ) 

toJL 

The  availability  of  managers  (WL*)  and  emergent  leaders  (OL')  and  their 
respective  relative  effectiveness  (K^  and  K2)  were  all  taken  to  be  about  one- 
half  of  those  achievable  by  D  Prime.  These  changes  affected  the  estimates  for 
both  public  shelters  and  home  basements. 

Shelter  Communications  (SO,  SP) 

The  fraction  of  shelters  with  communications  link  to  D&C  (SPE)  was  taken 
the  same  as  SPE^,  the  starting  fraction,  in  the  D  Prime  estimate.  In  addition, 
the  relative  capabilities  of  the  emergent  leaders  and  managers  to  understand  D&C 
instructions  (K2  and  K^)  respectively  were  taken  to  be  one-half  of  those  for 


D  Prime. 
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TABLE  D.2 
AMLOP,  AMCOP 

CURRENT  CAPABILITY  MAINTAINED 


CATEGORY 

INPUT 

LOW 

RISK 

BEST 

HIGH 

LOW 

OTHER 

BEST 

HIGH 

0.05 

Public 

0.13 

Shelters 

0.22 

0.04 

0.10 

0.16 

AMLOP' 

0.30 

0.35 

0.40 

0.30 

0.35 

0.40 

Below 

AMLOP 

0.02 

0.05 

0.09 

0.01 

0.04 

0.06 

Ground 

AMCOP' 

0.30 

0.35 

0.40 

0.30 

0.35 

0.40 

AMCOP 

0.02 

0.05 

0.09 

0.01 

0.04 

0.06 

AMLOP' 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

Above 

AMLOP 

0.01 

0.01 

0.02 

- 

0.01 

0.02 

Ground 

AMCOP' 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

AMCOP 

0.05 

0.13 

0.22 

0.04 

0.10 

0.16 

0.01 

Home  Basements 

0.04  0.09 

0.01 

0.03 

0.06 

AMLOP' 

0.10 

0.15 

0.20 

0.10 

0.15 

0.20 

AMLOP 

- 

0.01 

0.02 

- 

- 

0.01 

AMCOP' 

0.80 

0.90 

1.00 

0.80 

0.90 

1.00 

AMCOP 

0.08 

0.04 

0.09 

0.01 

0.03 

0.04 
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D&C  -  Public  Information  (PS) 

The  fraction  of  the  population  who  might  be  Informed  by  D&C  via  EBS 
was  estimated  from  IMIS,  1970:  low,  0.47  -  EOCs  meeting  criteria;  best 
0.66  -  EOC  links  to  EBS;  high,  0.83  -  EOC  operations  group  available  and 
assigned.  Completion  of  operations  plans  (PB)  was  taken  to  be  from  5,  10, 

15  percent. 

D&C  -  Inform  System  (DZ) 

The  completion  of  operations  plans  was  taken  the  same  as  for  DS: 

5  to  15  percent. 

D.3  COMPARISON  OF  RESULTS 

To  demonstrate  the  effects  of  the  above  differences  In  Inputs  to  the 
AMLOP/AMCOP  part  of  PAM  between  Program  D  Prime  and  Current  Capability  Main¬ 
tained  (CCM) ,  the  calculated  results  are  compared: 


RISK 

HOST 

W/A 

D  PRIME  PROGRAM 

In-Place 

Relocated 

In-Place 

Relocated 

i 

E  , 

Low 

0.48 

0.03 

0.34 

0.37 

0.30 

i 

mi 

(Public) 

Best 

0.68 

0.08 

0.61 

0.66 

0.56 

f 

f 

High 

0.93 

0.17 

0.88 

0.93 

0.88 

i 

k 

I? 

Low 

0.16 

0.02 

0. 11 

0.11 

0.11 

f 

\ 

ml 

(Home) 

Best 

0.35 

0.04 

0.30 

0.30 

0.30 

i 

« 

High 

0.55 

0.07 

0.52 

0.52 

0.52 

i' 

CCM  PROGRAM 

\ 

Low 

0.05 

0.03 

0.03 

E  , 
ml 

Best 

0.13 

0.09 

0.09 

1 

(Public) 

High 

0.22 

0.15 

0.15 

i  . 

1? 

Low 

0.01 

0.01 

0.01 

t 

1 

ml 

Best 

0.04 

0.03 

0.03 

(Home) 

W  A 

High 

0.09 

0.06 

0.06 
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RATIONALE  FOR  FIRE  (FF,  FFS)  AND  RESCUE  (FR)  ESTIMATES 


This  Appendix  presents  the  rationale  for  the  input  values  used  in  the 
Program  Analysis  Model  (PAM)  to  produce  estimates  of  FF  -  the  fraction  forced 

out  by  fire;  FFSM  -  the  fraction  of  those  forced  out  who  survive ;  and  FR  -  the 
fraction  of  those  trapped  who  are  rescued  for  two  programs:  D  Prime  and 
Current  Capability  Maintained.  In  addition,  it  exhibits  the  calculation  in 
PAM  of  the  estimates  of  FF,  FFSM,  and  FR  for  Program  D  Prime. 

The  relationships  referred  to  herein,  in  the  PAM  calculations,  are  those 
defined  in  Appendix  B,  Sections  B.A  and  B.5  of  W.E.  Strope  and  J.F.  Devaney, 
Effectiveness  of  Civil  Defense  Systems,  Center  for  Planning  and  Research,  Inc. 

(June  1979). 

In  the  population  defense  model,  survivors  in  each  shelter  class  are 
partitioned  into  those  trapped  in  debris  and  those  not  trapped.  Those  trapped 
must  be  rescued;  if  not  rescued,  they  become  fatalities.  Those  not  trapped  survive 
in  shelter  unless  they  become  at  rlskfrom  fires  caused  by  detonations.  The  fire 
and  rescue  problems  exist  only  in  the  damaged  areas.  In  the  model,  only  the 
fraction  of  the  population  experiencing  more  than  2  psl  are  potentially  at  risk 
from  fire  or  need  rescue.  Because  the  fire  situation  is  an  Important  determinant 
in  rescue  feasibility,  the  basis  for  fire  vulnerability  will  be  discussed  first. 
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E.l  BASIC  FIEE  MODEL 

Essentially  all  of  the  sustained  fires  resulting  from  the  attack  Involve 
buildings  and  originate  from  Interior  flannables  Ignited  by  the  thermal  pulse 
(primary  fires)  and  from  damage  to  electrical  circuits  and  gas  lines  (secondary 
fires).  The  population  Is  sheltered  for  the  most  part  In  the  same  buildings. 
(Exceptions  are  Category  A  shelters  —  mines,  caves,  and  tunnels  —  and 
Category  XE,  expedient  trench  shelters).  In  the  actual  event,  human  behavior 
will  play  a  significant  role.  Host  people  will  abandon  a  building  that  Is 
on  fire,  some  will  not,  and  some  will  flee  when  they  did  not  need  to.  The 
fire  progress  In  large  buildings  will  also  be  a  variable.  Sustained  fires 
In  upper  floors  may  be  confined  to  those  floors  or  spread  upward,  leaving 
basements  and  lower  floors  habitable.  On  the  other  hand,  debris  fires  In 
the  streets  may  render  basements  and  lower  floors  untenable.  The  basic  fire 
model  used  here  Is  an  Intentional  simplification  of  these  complex  factors. 

In  this  model,  buildings  suffering  a  sustained  fire  are  assumed  to  be 
completely  consumed.  People  In  these  buildings  are  all  at  fire  risk.  The 
population  Is  assumed  to  be  randomly  distributed  In  buildings.  Hence,  If 
20  percent  of  all  buildings  are  burned,  20  percent  of  the  population  are 
placed  at  risk.  All  untrapped  persons  at  risk  from  fire  are  assumed  to 
abandon  their  shelters  and  attempt  to  leave  the  area.  The  fraction  forced 
out  of  shelter  because  of  fire  (FF)  Is  therefore  equal  to  the  fraction  of 
buildings  burned.  Those  not  at  risk  (1  -  FF)  remain  In  shelter.  Those 
forced  out  of  shelter  may  become  fatalities  In  the  external  fire  environment. 

The  survival  fraction  (FFS)  Is  assessed  only  against  the  fraction 
forced  out  of  shelter  (FF)  and  It  depends  on  the  Intensity  of  the  fire 
environment  when  they  are  forced  out.  Those  who  survive  may  become  fallout 
casualties  later  because  of  the  loss  of  their  shelters. 
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Buildings  are  burned  and  people  are  forced  out  of  shelter  over  a 
considerable  period  of  time  after  detonations  occur.  The  basic  fire  model 
provides  for  five  generations  of  fires.  The  Initial  (f^)  set  of  fires 
consist  of  the  primary  Ignitions  that  survive  the  extinguishing  effect  of 
the  blast  wave  plus  the  secondary  fires  caused  by  blast  damage.  The  average 
time  at  idiich  these  Initial  fires  force  people  out  of  shelter  Is  15  minutes 
after  detonation.  The  next  (f^)  set  of  fires  consist  of  those  caused  by 
the  rekindling  of  some  of  the  primary  Ignitions  that  were  reduced  to  a 
smouldering  condition  by  the  blast  wave.  The  average  time  at  which  this 
set  of  fires  force  people  from  shelter  Is  taken  to  be  1  hour  and  15  minutes 
after  detonation.  The  last  three  generations  —  £2*  ^4  —  result 

from  fire  spread  from  the  combined  Initial  and  rekindled  fires.  The  average 
time  between  fire  spread  generations  Is  taken  to  be  3  hours. 

Parameters  of  the  Basic  Fire  Model 

The  quantitative  values  of  the  Inputs  to  the  calculation  of  the  fractions 
of  buildings  on  fire  In  the  several  fire  generations  are  sensitive  to  a 
number  of  parameters  having  to  do  with  building  characteristics,  bulltupness 
of  the  area,  and  proximity  to  the  detonation.  The  number  of  surviving  ignitions 
and  secondary  fires,  the  fraction  of  smouldering  fires  that  rekindle,  the 
probability  of  fire  spread,  and  the  effectiveness  of  fire  suppression  measures 
are  sensitive  to  the  distance  from  the  detonation.  In  this  model,  the 
relationship  to  the  detonation  is  measured  by  the  overpressure  experienced. 

Since  the  analysis  Is  concerned  only  with  blast  survivors,  the  overpressure 
region  of  Interest  Is  from  2  to  10  psl,  the  rated  median  lethal  overpressure 
(MLOP)  for  all  shelter  classes  being  within  this  region  with  the  exception  of 
Categories  A  and  XE,  which  are  deemed  not  susceptible  to  fire  risk.  However, 
this  band  of  overpressures  Is  too  broad  for  analysis  of  the  fire  threat. 

Hence,  the  fire  area  of  Interest  has  been  divided  Into  three  overpressure 


regions  for  the  analysis:  2-5  psi,  5-9  psi,  and  9-11  psi.  Input  values 
are  estimated  for  each  of  these  overpressure  regions  and  a  calculation  of 
generational  burn  made  for  eaph  region.  The  several  results  are  then 
weighted  by  the  fraction  of  survivors  in  each  overpressure  region. 

A  second  parameter  of  Importance  is  the  building  density  or  builtupness 
of  the  area,  which  can  affect  most  of  the  input  parameters.  For  this  analysis, 
only  two  conditions  of  builtupness  are  recognized;  light  and  heavy.  The 
"light”  condition  represents  areas  of  single-family  dwellings,  large  buildings 
in  suburban  shopping  centers,  and  the  like.  In  general,  this  condition  is 
applicable  to  the  suburbs  and  suburban  cities  and  towns.  The  "heavy"  condition 
represents  commercial  and  central-city  locations  and  is  applicable  to  "down 
town"  in  the  larger  cities.  The  estimates  of  the  fraction  of  survivors  in 
the  light  condition  of  builtupness  are  shown  in  Table  E.l.  People  sheltered 
in  home  basements  are  all  in  the  light  category  by  definition,  because  the 
basements  of  apartment  buildings  are  classed  as  public  shelters.  Those  at 
random  ,  the  "stay-put"  group,  on  the  other  hand,  can  reside  in  either  the 
light  or  heavy  condition  of  builtupness. 

TABLE  E.l 

FRACTION  OF  SURVIVORS  IN  LIGHTLY  BUILTUP  AREAS 


since  nearly  all  of  the  risk  population  (and  hence,  nearly  all 
experiencing  more  than  2  pal)  reside  In  urbanized  areas,  the  fraction  of 
the  urbanized  population  living  In  one-unit  structures  (60  percent)  Is 
taken  as  the  low  estimate  of  the  fraction  In  the  light  condition  of 
bulltupness.  This  fraction  Is  regarded  as  the  low  estimate  for  several 
reasons.  First,  not  all  multi-unit  residential  structures  are  located  In 
areas  of  heavy  bulltupness.  Second,  and  more  Important,  the  MLOP  for  those 
at  random  Is  only  4  psl;  that  Is,  survivors  at  risk  from  fire  are  In  the  2 
to  4  psl  region.  Because  the  bull tup  areas  are  generally  subjected  to  high 
overpressures  In  the  attacks  under  consideration,  the  survivors  are 
predominantly  In  suburban  areas.  The  DCFA  data  base  does  not  permit  a 
direct  assessment  of  bulltupness  In  the  areas  subject  to  low  overpressures. 
Lacking  such  an  assessment.  It  was  Judged  that  a  high  estimate  would  place 
80  percent  of  the  survivors  In  the  light  condition.  The  "best"  estimate  was 
taken  as  midway  between  the  low  and  high  estimates;  that  Is,  70  percent  of  those 
at  random  In  the  light  condition  and  30  percent  In  the  heavy  condition. 

The  same  estimates  are  made  for  public  shelters  for  similar  reasons.  People 
In  Risk  areas  are  constrained  to  use  of  shelter  within  about  one  mile  or  so 
from  their  place  of  residence.  It  Is  unlikely  that  people  would  move  from 
the  light  to  heavy  condition  under  this  constraint.  Also,  survivors  In  public 
shelter  at  risk  from  fire  are  In  the  2  to  10  psl  region  and  therefore 
predominantly  In  suburban  areas  for  the  attacks  of  Interest. 

A  final  parameter  affecting  the  inputs  is  the  dimensions  and  structural 
characteristics  of  the  buildings  being  used  as  shelter.  In  this  analysis,  a 
distinction  Is  made  between  single-family  dwellings,  on  the  one  hand,  and 
"large  buildings"  on  the  other. 
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Technical  Inputs  to  the  Basic  Fire  Model 

The  assessment  of  low,  best,  and  high  values  for  the  fire  characteristics 
under  these  various  conditions,  assuming  no  fire  countermeasures,  was  made  by 
Ruth  W.  Shnlder  from  published  sources  and  consultations  with  fire  researchers. 

The  results  for  large  buildings  in  the  light  and  heavy  conditions  of  builtupness 
are  summarized  in  Tables  E.2  and  E.3.  For  comparison  with  later  estimates 
involving  fire  countermeasures,  these  computations  were  performed  to  produce  the 
estimates  of  numbers  of  fires  for  each  fire  generation  and  the  summation 
of  total  fraction  of  buildings  burned.  Since  these  estimates  assume  no  counter¬ 
measures,  those  that  could  be  subject  to  countermeasures  are  "primed"  to 
indicate  that  they  are  potential  values. 

In  Tables  E.2  and  E.3,  a'  and  b*  are  the  fractions  of  the  total  number  of 

o  o 

buildings  in  which  primary  and  secondary  ignitions  respectively  would  occur,  c 

O  i 

is  the  fraction  of  primary  Ignitions  that  would  survive  the  blast  wave,  and  k 

o 

is  the  fraction  of  the  blast-extinguished  ignitions  that  would  rekindle. 

It  can  be  seen  from  Table  E.2  that  the  fraction  of  buildings  burned,  Ef, 

n 

ranges  from  negligible  to  3  percent  in  the  2-5  psl  region:  10,  19,  34  percent 

in  the  5-9  psi  region:  and  19,  29,  39  percent  in  the  9-11  psl  region.  Note  ' 

that  the  increased  burnout  in  the  higher  overpressure  regions  of  lightly 

bulltup  areas  is  due  largely  to  sharply  increased  levels  of  pria»ry  ignitions, 

a^,  and  secondary  fires  as  well. 

In  heavily  bulltup  areas  (Table  E.3},  the  fraction  of  buildings  burned 
ranges  from  about  1  percent  to  25  percent  in  the  2-5  psi  region:  27,  40,  53 
percent  in  the  5-9  psl  region:  and  34,  53,  66  percent  in  the  9-11  psl 
region.  Again,  there  is  a  sharp  Increase  in  the  number  of  primary  and  secondary 
fires  in  the  higher  overpressure  regions.  Additionally,  there  is  an  Increase  < 

in  the  probability  of  fire  spread,  p^,  especially  Ir  the  2-5  psl  region  where 
nearly  all  burning  buildings  are  still  standing. 


« 


TABLE  E.3 


0.0077  0.1175  0.2512  0.2683  0.4043  0.5292  0.3395  0.5252  0.6589 
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The  estimates  for  single-family  dwellings  are  shown  in  Table  E.4. 

Homes  are  located  only  in  the  lightly  bulltup  area.  The  estimates  for  the 
2-5  psl  region  are  the  same  as  for  large  buildings  in  the  lightly  bulltup 
area.  Only  one  higher  overpressure  region  is  used,  since  the  MLOF  for  people 
in  home  basements  is  10  psl.  The  sharp  increase  in  burnout  in  the  5-10 
psi  region  is  caused  by  a  large  increase  in  the  incidence  of  primary  fires, 
a^,  because  of  the  combustible  nature  of  furniture,  bedding,  and  furnishings 
in  residential  occupancies. 

E.2  ESTIMATES  FOR  PROGRAM  D  PRIME 

Effectiveness  of  Fire  Prevention  Measures  (E  ,  E,  ) 

The  first,  and  possibly  most  Important,  fire  countermeasures  are  the 
fire  prevention  measures  that  can  be  taken  prior  to  attack.  These  measures, 
if  effective,  operate  to  reduce  the  incidence  of  the  initial  primary  and 
secondary  fires,  a^  and  b^,  with  consequences  that  could  be  traced  through 
Tables  E.2,  E.3,  and  E.4.  Measures  to  prevent  primary  ignitions  Include 
removal  of  uphostered  furniture  and  bedding  from  the  field  of  view  of  windows, 
expedient  treatment  of  fabrics  with  flame  retardant  solutions,  opaquelng  of 
windows,  and  drawing  of  blinds  and  drapes.  Cleanup  campaigns  are  also  useful. 
Measures  to  prevent  secondary  fires  are  mainly  the  shutting  off  of  electric 
and  gas  utilities  upon  warning  or  upon  relocating.  These  measures  are  all 
feasible  and  natural  in  a  severe  crisis  period.  The  effectiveness  of  fire 
prevention  depends  mainly  on  the  fraction  of  the  population  that  actually 
accomplishes  the  measures  and  not  on  post-detonation  conditions. 

Estimates  of  the  effectiveness  of  fire  prevention  measures  are  made 
separately  for  residential  and  non-residentlal  buildings.  The  entire  risk 
population  has  fire  services  available  who  can  try  to  help  them  accomplish 
fire  prevention  measures.  The  term,  help,  as  used  here  covers  activities 
ranging  from  providing  advice  and  guidance  to  enforcement  of  local  government 
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TABLE  E.4 

HOMES  IN  LIGHTLY  BUILTUP  AREAS 
Overpressure  Region 


Input 

Low 

2-5  psl 

Best 

Hlsh 

Low 

5-10  psl 

Best 

High 

a' 

o 

0.002 

0.01 

0.015 

0.5 

0.6 

0.7 

b' 

o 

0.002 

0.01 

0.015 

0.01 

0.02 

0.02 

c 

o 

- 

0.1 

0.2 

0.1 

0.1 

0.1 

f ' 
o 

0.002 

0.011 

0.018 

0.06 

0.08 

0.09 

k 

0 

0.1 

0.5 

0.8 

0.3 

0.4 

0.5 

0.0002 

0.0045 

0.0096 

0.135 

0.216 

0.315 

p 

0.1 

0.1 

0.2 

0.1 

0.1 

0.2 

^2 

0.0002 

0.0016 

0.0055 

0.0195 

0.0296 

0.081 

^3 

- 

0.0002 

0.0011 

0.002 

0.003 

0.0162 

n 

- 

- 

0.0002 

0.0002 

0.0003 

0.0032 

Ef’ 

0.0024 

0.0173 

0.0344 

0.2167 

0.329 

0.5054 

L 
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directives  and  ordinances.  Experience  shows  that  the  advisory  activities 
are  alluded  to  in  non-crisis  situations  but  they  become  enforcement  activities 
in  crisis  situations,  e.g.,  the  blackout  enforcement  in  wartime  situations. 
Whether  the  fire  services  would  engage  in  fire  prevention  activities  in  a 
nuclear  crisis  will  depend  in  part  on  whether  these  activities  are  Included 
in  the  operations  plans  (PB).  It  is  estimated  that  at  the  completion  of 
Program  D  Prime  adequate  plans  would  cover  virtually  the  whole  risk  population 
(95,  97,  99  percent).  The  Impact  of  such  plans  (APB)  is  based  on  the  judgment 
that  fire  services  in  about  two-thirds  of  the  risk  areas  would  help  without 
specific  plans;  that  is,  15,  35,  50  percent  would  not  engage  in  these 
activities  without  plans  to  do  so. 

Then,  the  fraction  of  the  risk  population  who  would  have  firemen  trying 
to  help  with  fire  prevention  would  be,  as  in  relationship  2,  FA  ■ 

FA'{1  -  APB(1  -  PB)},  and 


Low 

Risk  Areas 

Best 

High 

FA' 

1.00 

1.00 

1.00 

PB 

0.95 

0.97 

0.99 

APB 

0.50 

0.33 

0.15 

FA 

0.98 

0.99 

1.00 

The  fraction  of  the  risk  population  who  might  be  helped  by  the  fire 
service,  K^,  differs  between  residential  and  non-resldentlal  buildings.  It 
is  estimated  that  the  fire  services  will  tend  to  concentrate  on  the  larger 
non-residentlal  structures.  Hence,  the  best  estimate  for  residences  is  50 
percent,  whereas  the  best  estimate  for  non-residential  buildings  is  80  percent. 
Then,  in  relationship  4,  •  FA,  and 


tnHummi 


1 

1 


1 

Residential  Non-Residential 


Low 

Best 

High 

Low 

Best 

High 

FA 

0.98 

0.99 

1.00 

0.98 

0.99 

1.00 

^1 

0.40 

0.50 

0.60 

0.70 

0.80 

0.90 

0.39 

0.50 

0.60 

0.69 

0.79 

0.90 

The  risk  population  also  can  be  helped  by  the  warden  service.  This  is 
a  traditional  civil  defense  activity.  In  Program  D  Prime,  this  service  is 
considered  to  Include  trained  Shelter  Manager  Officers,  shelter  managers, 
shelter  monitors,  and,  perhaps,  police  auxiliaries.  The  estimate  of  population 
coverage  at  the  completion  of  Program  D  Prime,  WA',  is  drawn  from  other 
calculations,  especially  those  for  remedial  movement,  FFR.  The  coverage  and 
effect  of  operations  plans  is  considered  the  same  as  for  the  fire  services. 
Then,  in  relationship  3,  WA  ■  WA*{l  -  APB(1  -  PB)},  and 

Risk  Areas 


Low 

Best 

Hifjh 

WA' 

0.85 

0.94 

1.00 

PB 

0.95 

0.97 

0.99 

APB 

0.50 

0.33 

0.15 

WA 

0.83 

0.93 

1.00 

The  warden  service  is  assumed  to  concentrate  almost  entirely  on 
residential  structures;  hence,  the  best  estimate  of  percent  for 

residences  and  only  10  percent  for  non-residential  buildings.  Then  in 
relationship  5,  ■  K2  •  WA,  and 

Residential  Non-Resident la 1 


Low 

Best 

High 

Low 

Best 

High 

WA 

0.83 

0.93 

1.00 

0.83 

0.93 

1.00 

^2 

0.60 

0.70 

0.80 

0.05 

0.10 

0.15 

c 

0.50 

0.65 

0.80 

0.04 

0.09 

0.15 

The  occupants  of  any  building  may  be  helped  by  firemen  or  wardens 
but  need  not  be  helped  by  both  so  that  +  C„  -  C^C„,  and 

Residential 
Low  Best 

C  0.70  0.82 

s 

The  fraction  of  the  population  informed  about  the  need  for  fire 

prevention  by  emergency  public  Information  (I^)  Is  estimated  to  be  95,  97,  100 

percent  at  completion  of  Program  D  Prime.  The  fraction  of  these  who  could 

accomplish  the  prevention  measures  with  help  (K^) ,  for  both  residential  and 

non-resldentlal  buildings.  Is  estimated  to  be  90,  95,  95  percent  for  the 

In-place  mode.  The  high  estimate  of  95  percent  excludes  those  who  would  be 

uncooperative  under  any  circumstances.  These  are  estimated  to  be  about  5 

percent  of  the  population,  based  on  recent  national  opinion  sampling 

(Nehnevajsa,  1979).  For  the  relocated  mode,  the  fraction,  K^,  Is  estimated 

to  be  substantially  lower  (70,  75,  90  percent)  to  account  for  people  relocating 

without  leaving  the  premises  in  a  protected  condition.  On  the  other  hand, 

the  fraction  who  would  not  attempt  fire  prevention  measures  without  help 

(AC^)  Is  estimated  to  be  the  same  for  both  In-place  and  relocated  modes  but 

to  differ  between  residential  (60,  50,  40  percent)  and  non-resldentlal 

(90,  80,  70  percent)  buildings.  Then,  the  fraction  of  the  buildings  In 

which  fire  prevention  measures  would  be  accomplished  is  found  by  combining 

relationships  1  and  7,  FE  ■  K-  •  I  {1  -  APB(1  -  PB)}, 

3  a 

Residential  Non-Resldentlal 


In-Place 

Relocated 

In-Place 

Relocated 

I 

a 

0.97 

0.97 

0.97 

0.97 

•"a 

0.95 

0.75 

0.95 

0.75 

c 

s 

0.82 

0.82 

0.81 

0.81 

^"s 

0.50 

0.50 

0.80 

0.80 

FE 

(Best) 

0.84 

0.66 

0.78 

0.62 

(Low) * 

0.71 

0.47 

0.63 

0.42 

(High) * 

0.92 

0.87 

0.90 

0.85 

W  1.  w 

Non-Res Ident lal 


High 

0.92 


Low 

0.70 


Best 

0;81 


High 

0.92 


* 


Calculations  for  low  and  high  estimates  omitted. 


The  estlmaCed  effectiveness  of  fire  prevention  measures  In  preventing 
primary  Ignitions  (K^)  Is  25,  30,  50  percent.  This  relatively  low  estimate 
recognizes  that  the  blast  wave  from  one  detonation  may  break  windows  and 
dislodge  blinds,  leaving  flammable  materials  exposed  to  the  thermal  pulse 
from  a  later  weapon.  Then,  the  fraction  of  primary  fires  prevented  (E^)  Is 
found  In  relationship  8,  •  FE, 

Residential  Non-Resldentlal 


In-Place 

Relocated 

In-Place 

Relocated 

FE 

0.84 

0.66 

0.78 

0.62 

0.30 

0.30 

0.30 

0.30 

E^  (Best) 

0.25 

0.20 

0.23 

0.19 

(Low) 

0.18 

0.12 

0.16 

0.10 

(High) 

0.46 

0.44 

0.45 

0.42 

The  effectiveness  of  utility 

turn-off  on 

secondary  fires 

(Kg)  Is 

estimated  to  be  very  high  (80,  90, 

,  99  percent) 

.  Then,  E^  Is 

found  In 

relationship  9,  E^^  ■ 

Kj  •  FE, 

Residential 

Non-Res Identlal 

In-Place 

Relocated 

In-Place 

Relocated 

FE 

0.84 

0.66 

0.78 

0.62 

S 

0.90 

0.90 

0.90 

0.90 

Ej^  (Best) 

0.76 

0,59 

0.70 

0.56 

(Low) 

0.57 

0.38 

0.50 

0.34 

(High) 

0.91 

0.86 

0.89 

0.84 

The  effect  of  these  fire  prevention  estimates  on  the  Initial  fires  Is 
summarized  In  Table  E.5  and  Table  E.6.  Shown  Is  the  comparison  for  public 
shelter  In  light  and  heavy  areas  of  bulltupness  and  residential  buildings  In 
the  lightly  bulltup  area.  The  values  of  a’  and  b'  are  drawn  from  Tables 
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E.2,  E.3,  and  E.4  respectively.  The  computed  values  of  a  and  b  are  used 

o  o 

in  subsequent  calculations  of  FF  and  FFS.  Not  shown  are  the  a  and  b  values 

o  o 

for  those  at  random  In  heavily  bulltup  areas. 


In  principle,  fires  occurring  after  a  nuclear  attack  can  be  extinguished 
by  any  of  three  means:  (1)  the  organized  fire  service  and  Its  auxiliaries, 

(2)  shelter  occupants  under  organized  leadership,  and  (3)  self-help  flre- 

^Is^blng  by  the  public  without  leadership  or  with  emergent  leadership.  Howev^T* 
It  Is  estimated  that  the  effectiveness  of  the  organized  fire  service  In 
fighting  fires  within  the  damaged  area  would  be  negligible  because  of  damage 
to  equipment  and  personnel,  debris  blocking  the  movanent  of  equipment,  and  lack 
of  water  for  firefighting.  Hence,  the  effective  role  for  Che  fire  services 
would  be  to  prevent  the  spread  of  fire  from  damaged  to  undamaged  areas.  The 
extinguishment  of  fire  starts  In  the  damaged  area  would  be  the  result  of 
efforts  by  Che  population  under  organized  shelter  or  emergent  leadership. 

It  Is  judged  that  Che  nature  of  fire  suppression  activities  would  be  to 
extinguish  fire  starts  within  the  shelter  building  and  Chose  In  the  Immediate 
vicinity  that  threatened  the  shelter.  Thus,  the  effectiveness  estimates 
made  are  Intended  to  reflect  the  Improved  tenablllty  of  the  shelters  (and, 
hence,  a  reduction  In  FF)  but  not  necessarily  the  extinguishment  of  fires  In 
unoccupied  premises. 

The  calculations  of  fire  suppression  effectiveness  are  somewhat  complex 
because  an  estimate  must  be  made  for  each  fire  generation,  for  each  over¬ 
pressure  region,  for  each  shelter  class,  and  for  the  Risk  area  In  both  In- 
place  and  relocated  modes.  The  fraction  of  the  risk  population  Informed 
about  self-help  fire  suppression  by  EPI  (I .)  at  completion  of  Program  D  Prime 


is  estimated  to  be  very  high  (95*  97,  100  percent).  Of  these,  30,  40,  50 
percent  would  actually  try  to  suppress  fire  starts  If  they  were  able  (K^) . 
Thus,  OH',  the  potential  unorganized  capability  to  suppress  fires,  which  Is 
basic  to  all  calculations.  Is  found  In  relationship  1,  OH*  * 


Low 

Best 

High 

0.95 

0.97 

1.00 

0.30 

0.40 

0.50 

0.29 

0.39 

0.50 

The  potential  public  capability  Is  degraded  because  of  Injuries  (K2) . 

Only  uninjured  survivors  are  considered  able  to  suppress  fires.  The  estimates 
are  made  by  reference  to  the  DCPA  castialty  functions  and  vary  with  both  over¬ 
pressure  region  and  shelter  class.  The  fraction  of  the  surviving  population 
fighting  fires  Is  further  degraded  by  inadequacies  In  radiological  monitoring 
capability  (OU)  and  communications  from  D&C  (SO)  to  obtain  the  net  fraction 
fighting  fires  (OH) .  The  results  vary  with  overpressure  region  and  shelter 
class  but  are  applicable  to  all  fire  generations.  OH  is  the  only  suppression 
capability  available  In  home  basements  and  to  those  at  random. 

The  fraction  of  the  population  with  organized  leadership,  WH',  Is  basic 
to  all  calculations  for  public  shelters.  The  estimates  are  drawn  from  the 
calculation  of  FPF  and  Include  shelter  managers,  shelter  monitors,  and  police 
monitors  In  shelter.  The  estimates  of  population  coverage  are  85,  95,  100 
percent  for  the  Risk  area  in-place  and  4,  8,  16  percent  for  the  Risk  area 
after  relocation  occurs. 

These  estimates  are  reduced  by  the  fraction  uninjured,  which  varies 
with  overpressure  region  and  shelter  class  and  by  the  Inadequacies  In 
radiological  monitoring  (US)  and  Instructions  from  the  direction  and  control 
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element  in  the  EOC  (SP).  The  latter  estimates  are  drawn  from  the  FPF  calculation. 

(See  Appendix  F)  The  resulting  estimates  of  the  net  organized  capability  for 

fire  suppression  (WH)  vary  with  overpressure  region  and  shelter  class  but 

are  applicable  to  all  fire  generations.  For  public  shelters,  the  estimates 

of  OH  and  WH  are  combined  as  redundant  capabilities  to  reach  an  estimate  of 

the  total  fraction  of  survivors  engaging  In  fire  suppression,  E  . 

s 

Although  this  net  capability  Is  available  In  all  fire  generations,  the 
effectiveness  In  extinguishment,  K^,  will  vary  from  generation  to  generation. 

The  estimates  of  K^,  which  Is  the  fraction  of  sustained  fires  extinguished  If 
all  survivors  engage  In  fire  suppression,  are  shown  In  Table  E.7.  In  the 
table,  the  possibility  that  survivors  in  home  basements  could  suppress  fires 
In  the  5-10  psi  region  Is  considered  negligible  because  residences  would  be 
reduced  to  debris  at  this  overpressure. 

People  In  home  basements  and  at  random  In  buildings  would  be  In 
residences  in  the  2-5  psl  region.  The  survivors  in  home  basements  (K2) 
are  much  more  effective  than  the  stayputs  mainly  because  62  percent  survive 
uninjured  compared  to  about  10  percent  In  the  at-random  condition.  The 
people  at  random  have  no  support  whereas  those  in  home  basements  have  some 
residual  capability  to  hear  Instructions  over  the  EBS  (SO  ~  4,  14,  28  percent). 
(The  estimates  for  SO  are  drawn  from  the  FPF  calculations.)  However,  it  was 
estimated  that  very  few  (0,  5,  10  percent)  would  fail  to  fight  fires  because 
of  lack  of  monitoring  capability  or  instructions  (AOU  and  ASO) .  Then, 

OH  is  found  in  relationship  2,  OH  -  OH'  •  K^Cl  -  A0U(1  -  0U)}{1  -  AS0(1  -  SO)}, 


k . 


Home 

Basements 

At 

Random 

Low 

Best 

High 

Low 

Best 

High 

OH' 

0.29 

0.39 

0.50 

0.29 

0.39 

0.50 

K2 

0.62 

0.62 

0.62 

0.10 

0.10 

0.10 

ou 

- 

- 

- 

- 

- 

- 

AOU 

0.10 

0.05 

- 

0.10 

0.05 

- 

SO 

0.04 

0.14 

0.28 

- 

- 

- 

ASO 

0.10 

0.05 

- 

0.10 

0.05 

- 

OH 

0.15 

0.22 

0.31 

0.02 

0.04 

0.08 

^  -0 


FIRE  SUPPRESSION  FACTOR,  K, ,  IN  LARGE  BUILDINGS 


s 


Fire  Spread,  0.60  0.75 

Fire  Spread,  f,  0.60  0.75 
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When  these  values  of  OH  are  applied  to  the  values  of  from  Table  E.7, 

the  following  estimates  of  the  fraction  of  fires  extinguished  (e  )  for  home 

E 

basements  and  random  residences  are  obtained. 


Home 

Basements 

At 

Random 

Low 

Beat 

High 

Low 

Best 

High 

0.02 

0.06 

0.11 

- 

0.01 

0.03 

0.01 

0.02 

0.06 

- 

- 

0.02 

0.09 

0.17 

0.28 

0.01 

0.03 

0.07 

0.09 

0.17 

0.28 

0.01 

0.03 

0.07 

0.09 

0.17 

0.28 

0.01 

0.03 

0.07 

0.09 

0.17 

0.28 

0.01 

0.03 

0.07 

In  the  calculation  of  effectiveness  of  fire  suppression  In  Category  B/C 
shelters  In  the  2-5  psl  overpressiire  region  (both  light  and  heavy  bulltupness) , 
the  basic  Inputs  OH'  and  WH'  have  been  discussed  earlier  on.  In  this  over¬ 
pressure  region,  94  percent  of  the  survivors  are  uninjured  (K2  and  K^) .  The 
estimates  for  OU,  SO,  US,  and  SP  are  drawn  from  the  calculation  of  FPF. 

The  effect  of  this  support  (AOU,  ASO,  AUS,  and  ASP)  Is  the  same  as  In 
homes.  Then,  the  effectiveness  of  the  public  (OH)  Is  found  In  relationship  2, 


f 


-  AOU(l 

-  00)}{1 

-  ASO(l 

-  SO)}, 

In-Place 

Relocated 

Low 

Best 

High 

Low 

Best 

High 

OH’ 

0.29 

0.39 

0.50 

0.29 

0.39 

0.50 

•"2 

0.94 

0.94 

0.94 

0.94 

0.94 

0.94 

OU 

0.06 

0.18 

0.38 

0.01 

0.02 

0.05 

AOU 

0.10 

0.05 

- 

0.10 

0.05 

- 

SO 

0.17 

0.40 

0.67 

0.03 

0.10 

0.22 

ASO 

0.10 

0.05 

- 

0.10 

0.05 

- 

OH 

0.22 

0.34 

0.47 

0.21 

0.33 

0.47 

Similarly,  the  effectiveness  of  organized,  shelter-based  fire 
suppression  (WH)  Is  found  In  relationship  3,  WH  *  WH'  • 

{1  -  AUS(1  -  US)}{1  -  ASP(1  -  SP)}, 


In-Place 

Relocated 

Low 

Beat 

High 

Low 

Best 

High 

WH' 

0.86 

0.95 

1.00 

0.04 

0.08 

0.16 

*"3 

0.94 

0.94 

0.94 

0.94 

0.94 

0.94 

US 

0.41 

0.61 

0.84 

0.02 

0.04 

0.11 

AUS 

0.10 

0.05 

- 

0.10 

0.05 

- 

SP 

0.17 

0.40 

0.67 

0.11 

0.30 

0.53 

ASP 

0.10 

0.05 

- 

0.10 

0.05 

- 

WH 

0.70 

0.85 

0.94 

0.03 

0.07 

0.15 

because  OH 

and  WH 

are  redundant,  E  * 
*  s 

OH  +  WH 

-  OH  •  WH, 

E 

s 

0.77 

0.90 

0.97 

0.23 

0.38 

0.55 

Calculation  of  E  for  other  overpressure  regions  Is  changed  only  by 
s 

the  fraction  of  survivors  who  are  uninjured,  which  for  this  shelter  class 
are  61  percent  In  the  5-9  psl  overpressure  region  and  19  percent  in  the  9 
to  11  psl  region.  Hence,  by  ratio,  the  complete  set  of  suppression  estimates 
for  Category  B/C  shelter  can  be  calculated.  The  calculations  for  the  other 
public  shelter  classes  also  vary  only  with  the  fraction  of  survivors  who  are 
uninjured,  which  Is  10  percent  In  the  2  to  5  psl  region  and  zero  in  the  higher 
overpressure  regions.  The  results  of  all  calculations  of  e^  are  summarized  In 
Table  E.8. 


Estimates  of  Fraction  Forced  Out  (FF) 

Estimates  of  FF  are  obtained  by  combining  the  fire  prevention  and 
suppression  estimates  derived  above  with  appropriate  values  from  Tables  E.l, 
E.2,  E.3  and  E.4,  as  In  the  following  example  calculation  for  people  In  home 
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basements.  The  fraction  of  buildings  with  primary  fires  after  the  blast 


wave 

and  suppression  activities  is 

found  in  relationship  1, 

f  - 

a^c^d  -  e  ), 

a 

o  o  a  * 

2-5  psi 

5-10  psi 

Low  Best 

High 

Low  Best 

High 

a  0.0011  0.0075 

0 

0.0123 

0.27  0.45 

0.574 

c  0.10  0.10 

0 

0.20 

0.10  0.10 

0.10 

1  -  e  0.89  0.9A 

a 

0.98 

1.00  1.00 

1.00 

f  0.0001  0.0007 

a 

0.0024 

0.027  0.045 

0.0574 

The  fraction  of  buildings  with  secondary  fires  after  suppression  is 

found  in  relationship  2,  fj^  * 

■  ®b>‘ 

2-5  psi 

5-10  psi 

Low  Best 

High 

Low  Best 

High 

b  0.0002  0.0024 

0 

0.0065 

0.0009  0.0048 

0.0086 

l-e^  0.94  0.98 

0.99 

1.00  1.00 

1.00 

f^  0.0002  0.0024 

0.0064 

0.0009  0.0048 

0.0086 

And  the  total  fraction  with  surviving  initial  fires,  f^  •  f^ 

f  0.0003  0.0031 

o 

0.0088 

0.0279  0.0498 

0.066 

In  the  first  fire  generation. 

some  of 

those  extinguished  by  the  blast 

wave 

rekindle  (k^)  and  some  are  suppressed 

(e^) .  Then  the  fraction  of  buildings 

with 

fires  in  the  first  generation 

is  found 

in  relationship 

A, 

^1- 

*0^^  ■  ‘=o^*'o^^  ■  V* 

2-5  psi 

5-10  psi 

Low  Best 

High 

Low  Best 

High 

a  0.0011  0.0075 

0.0123 

0.27  0.45 

0.574 

1-c  0.90  0.90 

0 

0.90 

0.90  0.90 

0.90 

k  0.10  0.50 

0.80 

0.30  0.40 

0.50 

1-e,  0.72  0.83 

0.91 

1.00  1.00 

1.00 

0.0001  0.0028  0.0072  0.0729  0.162 


0.258 
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In  the  second  and  succeeding  generations  additional  fires  result  from 
spread  of  fire  from  those  In  the  preceding  generation  and  some  of  them  are 
suppressed,  as  In  relationships  5,  6  and  7,f  *f  ‘p,  ‘(l-e) 


2-5 

psl 

5- 

■10  psl 

Low 

Best 

Hleh 

Low 

Best 

High 

(5) 

O  1 

0.0004 

0.0059 

0.016 

0.1008 

0.2118 

0.3243 

Pf 

0.10 

0.10 

0.20 

0.10 

0.10 

0.20 

l-e2 

0.72 

0.83 

0.91 

1.00 

1.00 

1.00 

^2 

- 

0.0005 

0.0027 

0.0101 

0.0212 

0.0649 

(6) 

l-e3 

0.72 

0.83 

0.91 

1.00 

1.00 

1.00 

^3 

- 

- 

0.0004 

0.001 

0.0021 

0.013 

(7) 

1-e, 

0.72 

0.83 

0.91 

1.00 

1.00 

1.00 

^4 

- 

- 

0.0001 

0.0001 

0.0002 

0.0006 

And  the 

total  fires  in  all 

4 

generations  Z  f 

0  n 

Is 

0.0004 

0.0064 

0.0192 

0.112 

0.2353 

0.4047 

The  fractions  of  buildings  burned  in  the  two  regions  are  combined  by 
weighting  them  In  proportion  to  the  fraction  of  the  population  In  home 
basements  surviving  in  the  two  regions:  0.5/0. 5.  Then,  the  estimates 
of  FF  for  home  basements  Is  the  weighted  sum  of  the  fractions  of  houses  burned: 


Low 

Best 

High 

2-5  psl  region 

0.0004 

0.0064 

0.0192 

5-10  psl  region 

0.112 

0.2353 

0.4047 

FF 

0.06 

0.12 

0.21 

»*  » 
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Estimates  of  Fraction  Surviving  (FFS) 

The  fraction  of  buildings  burning  In  each  of  the  Individual  generations, 
f^,  f^,  etc..  Is  a  measure  of  Che  fire  environment  offering  a  life  hazard  to 
those  forced  out  at  Che  time.  The  fraction  killed,  FFK,  Is  estimated  to  be 
zero  If  f^-  Is  less  than  0.02;  that  Is,  If  less  than  two  buildings  In  100  are 
burning.  On  the  other  extreme  the  fraction  at  risk  killed  In  the  Haiid>urg  fire 
storm  (20  percent)  Is  assumed  where  all  buildings  are  burning  In  the  same 
generation.  The  fatality  relationship  Is  assumed  to  be  linear  between  these 
two  points,  so  that 


FFK  - 

0.204  f  • 

-  0.004  and  FFS 

1 

1 

;  for  all 

f  . 

n 

n 

the  home 

-basement 

example  above. 

f  exceeds 
n 

2  percent 

only  In 

£2  In  the  5-10  psl  region. 

Then 

FFS  Is  found, 

5-10 

psl 

fn 

FFK 

Low 

Best 

High 

Low 

Best 

High 

FFK 

0 

0.0279 

0.0498 

0.066 

0.0017 

0.0062 

0.0095 

FFKj^ 

0.0729 

0.162 

0.2853 

0.0109 

0.029 

0.0487 

FFK2 

0.0101 

0.0212 

0.0649 

- 

0.0003 

0.0092 

ZFFK 

0.0126 

0.0356 

0.0674 

Then,  weighting  the  values  of  ZFFK  by  the  fractions  surviving  In  the 


two  regions  (0.5/0. 5), 
basements  are, 

ZFFK 

FFS 


the  weighted  values  of  ZFFK  and  of  FFS  for  home 


Low  Best  High 

0.0063  0.0178  0.0337 

0.99  0.98  0.97 


In  estimating  FF  and  FFS  for  the  several  classes  of  shelter  the 
fraction  of  survivors  In  each  overpressure  region  were  obtained  by  inspection 
of  the  attack  environment  matrix  for  the  attacks  under  consideration.  Only 
survivors  experiencing  at  least  2  psl  are  considered  since  FF  is  applied  only 
to  this  group.  The  survivors  in  Category  B/C  shelter  are  distributed  49 
percent  In  the  2-5  psl  region,  38  percent  in  the  5-9  psl  region  and  13  percent 
in  the  9-11  psl  region.  The  survivors  in  Category  E/F  are  56  percent  in  the 
2-5  pal  region  and  44  percent  in  the  5-9  psl  region.  Survivors  in  Categories 
G/H/I,  XU,  and  those  at  random  are  all  in  the  2-5  psl  region.  For  all  categories 
except  home  basements,  the  results  must  also  be  weighted  by  the  fraction  of 
survivors  in  light  and  heavy  areas  of  bulltupness  (Table  E.l).  The  resulting 
estimates  of  FF  and  FFS  that  are  used  as  input  to  the  population  defense  model 
are  summarized  In  Table  E.9. 

TABLE  E.9 

ESTIMATES  OF  FF  AND  FFS 
In-Place  Relocated 

SHELTER 


CATEGORY 

Low 

Best 

High 

Low 

Best 

High 

At  Random 

- 

0.03 

0.09 

- 

0.03 

0.10 

Home  Basements 

0.06 

0.12 

0.21 

0.06 

0.13 

0.23 

FF  B/C 

0.03 

0.08 

0.17 

0.03 

0.11 

0.22 

E/F 

0.03 

0.09 

0.17 

0.03 

0.10 

0.21 

G/H/I,  XU 

- 

0.01 

0.02 

- 

0.03 

0.10 

At  Random 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Home  Basements 

0.99 

0.98 

0.97 

0.99 

0.98 

0.97 

FFS  B/C 

1.00 

0.99 

0.98 

1.00 

0.99 

0.97 

E/F 

1.00 

0.99 

0.97 

1.00 

0.99 

0.97 

G/H/I,  XU 

1.00 

1.00 

0.99 

1.00 

1.00 

0.99 

Time  Considerations 


Those  forced  out  of  shelter  by  the  fire  threat  (FF)  are  subject  to 
radiation  injury  and  death  from  the  ensuing  fallout  event.  The  time  at  which 
they  are  forced  out  of  shelter  (TF)  is  important  to  the  calculation  of 
radiation  casxialties.  As  noted  earlier,  it  is  assumed  that  people  are  forced 
from  shelter  because  of  initial  fires  at  about  15  minutes  after  detonation, 
those  because  of  rekindled  smouldering  ignitions  about  1  hour  later,  and  those 
at  risk  from  the  fire-spread  generations  at  3-hour  Intervals  thereafter.  Thesi 
times  can  be  weighted  by  the  fraction  forced  out  at  each  generation  to  obtain 
an  average  time  for  TF.  However,  all  of  the  times  of  interest  are  quite  short 
from  the  point  of  view  of  shelter  stays.  Moreover,  Tables  E.2,  E.3  and  E.4 
show  that  most  are  forced  out  in  the  first  two  fire  generations,  with  the 
exception  of  those  in  heavily  builtup  areas  in  the  2-5  psl  region  where  fire 
spread  plays  a  significant  role.  With  this  exception,  the  average  TF  is  about 
1  hour  after  detonation.  On  the  other  hand,  fallout  arrival  is  taken  to  be  1 
hour  in  risk  (damaged)  areas  in  the  population  defense  model.  Hence,  a 
precise  estimate  of  TF  is  of  little  consequence.  TF  has  been  taken  as  1  hour 
in  all  Instances,  thus  depriving  those  forced  out  because  of  fire  of  their 
rated  shelter  protection  factor  for  calculational  purposes. 

Estimates  of  Fraction  Rescued  (FR) 

In  the  population  defense  model,  the  input  FR,  the  fraction  of  the 
trapped  who  are  rescued,  acts  to  remove  a  portion  of  the  trapped  in  each 
shelter  category  from  the  trapped  state.  Those  who  are  not  rescued  (1  -  FR) 
are  considered  fatalities.  The  technical  basis  for  estimating  the  fraction 
rescued  is  almost  non-existent.  Civil  defense  studies  of  the  1960 's  seem  to 
have  concluded  that  rescue  after  a  nuclear  attack  had  little  cost/effectiveness 
and  let  it  go  at  that. 
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There  are  two  distinct  kinds  of  rescue  operations:  (1)  Inmedlate  rescue, 
and  (2)  reentry  rescue.  Imnediate  rescue  of  the  trapped,  as  the  name  implies, 
would  occur  in  the  first  hour  or  so  after  detonation  while  fire  suppression 
efforts  were  occurring  and  before  fallout  radiation  made  the  operation  too 
hazardous.  The  few  data  available  on  entrapment  indicate  that  most  individuals 
are  lightly  trapped;  that  is,  heavy  equipment  or  tunnelling  would  not  be 
needed  for  their  release.  As  with  fire  suppression,  immediate  rescue  could 
be  undertaken  by  a  trained  rescue  force,  by  survivors  with  organized  shelter 
leadership,  or  by  spontaneous  rescue  efforts  by  survivors  with  or  without 
emergent  leadership.  In  large  shelters,  some  survivors  may  be  trapped  while 
others  in  the  same  structure  are  not  trapped.  Spontaneous  rescue  efforts 
are  most  likely  in  these  circumstances.  If,  in  Program  D  Prime,  the  shelter 
organization  is  well  developed  —  shelter  managers,  shelter  complex  head¬ 
quarters,  and  Shelter  Manager  Officers  —  shelter-based  rescue  of  the  trapped 
in  nearby  shelters  might  be  undertaken.  Some  Jurisdictions  may  develop  an 
organized  rescue  force  under  the  fire  service  but  no  effort  of  this  kind  is 
planned  for  specifically  in  Program  D  Prime  as  presently  conceived.  Data 
that  would  permit  an  estimate  of  the  likely  effectiveness  of  immediate  rescue 
efforts  are  not  available. 

Reentry  rescue  would  Involve  the  search  for  and  release  of  trapped 
survivors  after  the  hazards  of  fire  and  fallout  had  subsided.  Fire  would 
be  a  minor  obstacle  after  the  first  day.  Fallout  radiation  would  be  a  more 
serious  constraint  in  much  of  the  damaged  area  for  the  attacks  under 
consideration.  Nonetheless,  about  20  to  40  percent  of  the  trapped  would 
become  accessible  by  the  end  of  the  second  day,  assuming  operations  in  an 
environment  of  5  Roentgens  per  hour  (40R  in  an  eight-hour  day)  and  80  to  90 
percent  would  become  accessible  by  the  fifth  day,  according  to  the  attack 
environment  data.  Reentry  rescue  is  conceived  as  an  organized  effort  mounted 
from  the  edge  of  the  damaged  area  or  from  shelters.  In  the  relocated  mode. 


A  ^ 
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nose  of  the  reentry  rescue  would  come  from  outside  the  thinly  populated 
risk  areas.  In  the  In-place  posture,  organized  efforts  would  begin  from 
shelter  la  the  lightly  daotaged  areas.  About  one- third  of  the  trapped  would 
be  located  In  the  2-5  psl  region;  most  of  the  remainder  in  the  5-10  psi  region. 
Delay  of  rescue  for  several  days  to  a  week  would  result  In  loss  of  some  of 
the  trapped  because  of  fire  as  well  as  blast  Injury.  Most  of  the  trapped  would 
be  Injured  but,  since  the  casualty  data  assume  no  medical  care,  few  of  the 
Injuries  would  be  fatal  even  without  treatment.  Data  on  the  effectiveness  of 
reentry  rescue  are  not  available. 

A  part  of  PAM  for  estimating  FR  has  been  developed  but  since  no  basis 
for  estimating  the  range  of  values  for  relative  effectiveness  of  the 
alternative  methods  exists,  this  procedure  was  not  used.  Rather,  a  crude 
approximation  was  Introduced  pending  more  study  of  the  problem.  The 
approximation  consists  of  two  assumptions,  first  that  Immediate  rescue  would 
be  completely  Ineffective  and  second,  that  reentry  rescue  would  be  completely 
effective.  That  Is,  It  was  assumed  that  no  trapped  people  would  be  rescued 
In  the  first  few  hours  but  that  all  survivors  would  eventually  be  rescued. 

This  Is,  of  course,  not  a  likely  contingency  In  reality,  although  It  reflects 
the  probable  direction  of  the  effectiveness  factors.  In  the  real  event,  there 
would  undoubtedly  be  a  great  deal  of  spontaneous  immediate  rescue  of  family 
members  In  home  basements  and  large  shelters,  rescue  Incidental  to  fire 
search  and  suppression,  and  the  like.  On  the  other  hand,  reentry  rescue  is 
unlikely  to  be  completely  effective.  Radiation  hazards  that  would  bar 
reentry  operations  would  persist  for  many  days  In  some  areas,  causing  trapped 
survivors  to  die  of  wounds,  thirst,  or  exhaustion.  Search  would  not  be 
completely  effective  and  decisions  might  be  made  not  to  persist  In  rescue 
efforts  In  the  light  of  other  priorities.  The  approximation  used  here  Is  a 
useful  tool  If  the  rescued  discounted  In  the  immediate  period  tend  to  balance 
the  overstated  reentry  performance. 


The  fraction  of  the  trapped  idio  are  rescued  under  the  approximation 
assumptions  is  directly  related  to  the  fire  risk  calculations  of  the  previous 
sections.  If  they  had  not  been  trapped,  these  persons  would  have  been  forced 
out  of  their  shelters  If  at  fire  risk  In  any  burn  generation.  Since  we  have 
assumed  that  any  building  with  a  sustained  fire  Is  completely  consumed,  FF  of 
the  trapped  would  have  been  killed  by  fire.  Thus,  FR  Is  equal  to  1  -  FF. 

To  account  for  the  fact  that  the  trapped  survivors  are  located  primarily 
In  the  higher  overpressure  regions,  the  estimates  of  FF  for  the  highest 
overpressure  region  appropriate  to  the  Category  B/C  and  E/F  shelters  and  home 
basements  have  been  used  rather  than  the  weighted  averages.  The  Category 
G/H/I  and  XU  shelters  and  the  at-random  category  have  survivors  only  In  the 
2-5  psl  region;  hence  FR  Is  directly  equal  to  1  -  FF  for  these  groups.  The 
Category  A,  Y,  and  XE  shelters  were  judged  not  to  be  at  fire  risk;  hence,  FF 
is  zero  for  these  categories.  However,  the  use  of  the  general  formula  for 
entrapment  (MTOP  -0.88  MLOP)  undoubtedly  overstates  the  likely  entrapment 
probabilities  for  these  shelters.  To  partially  compensate  for  overestlmatlon 
of  the  number  trapped,  all  of  the  assumed  trapped  are  considered  to  be  rescued 
In  these  categories  (FR  >  1.0).  The  estimates  of  FR  derived  In  this  fashion 
are  summarized  In  Table  E.IO.  In  keeping  with  the  assumption  that  all  rescue 
occurs  upon  reentry,  the  time  of  rescue,  TR,  Is  estimated  to  range  from  48 
hours  to  120  hours,  with  a  beat  estimate  of  90  hours. 

TABLE  E.IO 


Shelter 
Catesor 


At  Random 
Home  Basements 
A,  XE,  Y 
B/C 
E/F 

G/H/I,  XU 


FRACTION  RESCUED  (FR) 
In-Place 


Relocated 


E-32 


e.3  estimates  for  current  capability  maintained 

In  view  of  the  relatively  small  values  found  for  FF  and  the  relatively 
large  values  found  for  FFS  In  the  estimates  for  Program  D  Prime,  It  was 
Judged  not  worthwhile  to  make  estimates  for  all  of  the  combinations  of  shelter 
class,  relocation  mode,  overpressure  region,  and  builtupness.  Instead  the  B/C, 
In-place,  5-9  psi,  heavy-builtupness  coa^ination  was  selected  as  representative 
and  estimates  of  FF  and  FFS  were  made  for  It.  In  that  calculation,  only  the 
following  changes  were  made  from  the  Input  values  used  for  the  Program  D  Prime 
estimates. 

Effectiveness  of  Fire  Prevention  Measures  (E^,  E^) 

The  availability  of  adequate  operations  plans  for  fire  prevention  acti¬ 
vities  by  the  fire  service  was  taken  at  about  half  (40,  45,  50  percent) 
for  Program  D  Prime.  The  current  capability  does  not  provide  for  the  warden 
service  activity,  so  its  fire  prevention  effectiveness  was  set  to  zero.  The 


resulting  values 

of  E 

a 

and  E.  for 
b 

non-res identlal 

buildings  were  found  to  be. 

Low 

Best 

High 

E 

a 

0.05 

0.09 

0.21 

"b 

0.15 

0.28 

0.42 

When  these  values 

are  applied 

to  the 

values 

of  a’  and  b'  from  Table  E.3 
o  o 

(large  buildings 

,  heavy  builtupness,  5-9  psl),  the  following  Is  found. 

Low 

Best 

High 

Low 

Best  High 

a'  0.50 

0 

0.60 

0.65 

b’ 

o 

0.03 

0.05  0.08 

E  0.21 

a  — 

0.09 

0.05 

0.42 

0.28  0.15 

a  0.395 

0.546 

1  0.6175 

b 

0.017 

4  0.036  0.068 

0.0174  0.036 


0.068 


Effectiveness  of  Fire  Suppression  (e  ) 

8 

Input  values  for  OH',  WH',  OU,  SO,  US,  and  SP  were  drawn  from  the 
calculation  of  FPF  for  Current  Capability  Maintained.  As  a  result,  the 
effectiveness  of  fire  suppression  (E^)  In  B/C  shelters  In  the  5-9  psl  region 
was  found  to  be  19,  27,  43  percent.  When  these  values  are  applied  to  the 
appropriate  values  of  from  Table  E.7,  the  following  are  obtained: 


a 

®b 

e. 


Low 

Best 

High 

0.01 

0.03 

0.05 

0.01 

0.01 

0.03 

0.01 

0.03 

0.07 

0.01 

0.02 

0.04 

0.10 

0.16 

0.27 

0.10 

0.16 

0.27 

Estimates  of  FF  and  FFS 

When  the  above  values  are  applied  the  estimates  of  FF  and  FFS  for  B/C 
shelters  In  5-9  psl  and  heavy  builtupness  are  found  to  be: 


Low 

0.21 


FF 

Best 

0.34 


High 

0.48 


Low 

0.97 


FFS 

Best 

0.94 


High 

0.92 


Comparable  values  obtained  In  the  estimates  for  Program  D  Prime  were: 

FF  "  0.13,  0.29,  0.44  and  FFS  ■  0.99,  0.95,  0.91.  Comparing  these  two  sets 
of  estimates  yields  the  following  ratios  for  CCM/D  Prime:  FF  ~  1.21, 

(1  -  FFS)  *  1.25.  In  view  of  (a)  the  small  effect  that  FF  and  FFS  have  on 
the  final  casualty  estimates  and  (b)  the  tentative  nature  of  the  relationship 
between  the  D  Prime  and  Current  Capability  Maintained  programs,  these  ratios 
were  rounded  to  1.2.  Then,  estimates  of  FF  and  FFS  for  the  Current  Capability 
Maintained  were  obtained  by  applying  this  ratio  to  the  estimates  of  FF  and 
1  -  FFS  obtained  for  all  combinations  of  shelter  class,  overpressure  region, 
and  builtupness  for  Program  D  Prime. 
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EFFECTIVENESS  OF  IMPROVING  FALLOUT  POSTURE  (FPF) 
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EFFECTIVENESS  OF  IMPROVING  FALLOUT  POSTURE  (FPF) 


This  Appendix  presents  the  rationale  for  the  Input  values  used  In  the 
Program  Analysis  Model  (PAM)  to  produce  estimates  of  FPF  for  two  programs: 

D  Prime  and  Current  Capability  Maintained. 

The  structure  of  this  Appendix  follows  that  of  the  definitive  description 
of  PAM  In  Appendix  B,  Section  B.6  of  W.E.  Strope  and  J.F.  Devaney,  Effectiveness 
of  Civil  Defense  Systems.  Center  for  Planning  and  Research,  Inc.  (June  1979). 
This  rationale  starts  with  the  calculation  of  FPF  and  proceeds  to  the 
subordinate  calculations  In  the  order  shown  below. 
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F.l  ESTIMATES  FOR  PROGRAM  D  PRIME 


Fraction  in  Improved  Fallout  Posture  (FPF)  -  Public  Shelters 

The  POPDEF  Input  parameter  FPF  is  the  fraction  of  the  surviving  population 
in  shelter  class  1  that  find  and  remain  in  the  best-protected  parts  of  the 
shelter  after  fallout  arrival.  In  the  POPDEF  casualty  assessment  program, 
this  fraction  (FPF)  is  assigned  the  increased  protection  factor  —  PF^(1  +  APF^) 

—  achieved  by  the  Improved  posture.  The  remaining  fraction  (1  -  FPF)  is  assigned 
the  rated  protection  factor  (PF^)  and  the  two  groups  are  handled  separately  in 
the  subsequent  analysis.  The  technical  estimates  of  APF^  for  the  several 
shelter  classes  made  by  the  expert  panel  are  as  follows: 


Shelter  Class  APF 

A,  XE  ,  Y  0 

B/C,  XU,  XE2  0.75 

D,  E/F,  G/H/I  1.00 


The  estimated  potential  capability  of  shelter  managers  to  achieve  the 
Improved  fallout  posture  (WP')  is  the  same  as  WL*  in  the  calculation  of  AMLOP. 
Since  managers  on  board  at  the  start  of  Program  D  Prime  will  need  retraining 
for  this  function  as  well  as  for  the  blast  protective  posture,  the  estimate 
assumes  that  all  managers  recruited  in  the  course  of  Program  D  Prime  (plus 
surge)  and  half  those  on  board  would  be  trained  in  the  low  and  best  estimates. 
All  are  trained  in  the  high  estimate.  The  estimates  also  assume  that  managers 
survive  in  the  same  ratio  as  does  the  population.  K^,  the  relative  ability  of 
shelter  managers  to  place  the  shelterees  in  the  fallout  protective  posture, 
is  Judged  quite  high  —  the  equal  of  that  for  the  blast  protective  posture  in 
the  best  and  high  estimates  and  somewhat  better  in  the  low  estimate  ~  since  the 
urgency  would  be  somewhat  less  than  for  blast  protection.  Then,  in 
relationship  1,  C  ■  K.  •  WP',  and 


In-Place 

Relocated 

In-Place 

Relocated 

WP' 

0.58 

0.05 

0.50 

0.58 

0.45 

‘'l 

0.90 

0.90 

0.90 

0.90 

0.90 

c 

w 

(Best) 

0.52 

0.04 

0.45 

0.52 

0.40 

(Low)  * 

0.42 

0.02 

0.36 

0.42 

0.27 

(High)* 

0.86 

0.11 

0.76 

0.86 

0.76 

Shelter  monitors,  UB',  would  also  have  a  capability  to  place  the  shelterees 
In  the  fallout  protective  posture.  Program  D  Prime  proposes  to  train  "the  bulk" 
of  the  needed  shelter  monitors.  The  estimates  70,  85,  95  percent  are  quantitative 
estimates  of  "the  bulk"  and  are  considered  appropriate  to  all  modes  except  Risk- 
Relocated.  In  the  Risk  areas  after  relocation,  the  coverage  of  the  stayput 
population  would  be  minimal  (2,  2,  5  percent)  because  trained  shelter  monitors 
would  most  likely  relocate.  The  relative  ability  of  shelter  monitors  to  place 
the  shelterees  in  the  fallout  protective  posture,  K2,  is  considered  less  than 
for  trained  shelter  managers  but  still  reasonably  effective  (60,  75,  90  percent) 
as  their  radiological  Instruments  would  constitute  their  "badge  of  authority". 
Then,  in  relationship  2,  “  ^2  •  UB',  and 


Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

UB' 

0.85 

0.02 

0.85 

0.85 

0.85 

^2 

0.75 

0.75 

0.75 

0.75 

0.75 

(Best) 

0.64 

0.02 

0.64 

0.64 

0.64 

(Low) 

0.42 

0.01 

0.42 

0.42 

0.42 

(High) 

0.86 

0.03 

0.86 

0,86 

0,86 

*CaIculatlons  for 

low  and  high  estimates 

omitted. 

Police  monitors, UD' ,  also  would  have  the  capability  to  place  the  shelterees 
in  the  fallout  protective  posture.  The  basic  estimate  was  made  for  the  Risk 
In-place  mode.  It  was  estimated  that  police  monitors  would  be  part  of  the 
regular  police  assigned  to  expedite  movement  to  shelter  and  would  take  shelter 
with  shelterees.  The  nationwide  ratio  of  local  police  to  population  was  1  to 
427  in  1975,  according  to  the  1977  Statistical  Abstract  of  the  United  States. 

It  is  estimated  that  about  half  would  be  involved  in  movement  to  shelter.  Since 
the  average  public  shelter  population  is  estimated  to  be  250,  27  percent  of  the 
shelters  could  have  a  police  officer  in  shelter.  This  value  was  used  as  the 
high  estimate,  assuming  all  are  monitors,  and  half  this  amount  in  the  low  estimate 
in  which  it  was  assumed  that  either  only  half  were  trained  monitors  or  that  there 
was  Inefficient  allocation  of  police  monitors  to  shelters.  (No  auxiliary  police 
were  assumed  to  be  monitors.)  These  estimates  were  judged  applicable  to  the 
Host-Relocated  mode  as  well  since  police  monitors  would  relocate  with  the 
population.  The  fraction  of  population  having  police  monitors  in  the  Host-In¬ 
place  and  Neither  areas  was  judged  to  be  half  the  previously  estimated  values. 

In  the  Risk-Relocated  mode,  it  was  judged  that  coverage  would  vary  from  none  to 
perhaps  2  percent  depending  on  the  degree  to  which  police  on  patrol  in  the 
vacated  risk  areas  would  take  shelter  in  public  shelters  upon  attack  warning. 
Police  monitors  were  considered  equally  likely  to  be  able  to  place  the 


shelterees  in  the  fallout  protective  posture 
Then,  in  relationship  3,  “  ^3  * 

as  were 

shelter  managers 

(K3- 

Risk 

In-Place  Relocated 

Host 

In-Place  Relocated 

N/A 

UD' 

0.20  0.01 

0.10 

0.20 

0.10 

0.90  0.90 

0.90 

0.90 

0.90 

Cj  (Best) 

0.18  0.01 

0.09 

0.18 

0.09 

Since  managers,  shelter  monitors,  and  police  monitors  are  Independent, 

redundant  means  of  achieving  the  fallout  protective  posture,  the  fraction 

of  the  population  having  at  least  one  of  these  means  is  the  sum  of  C^,  C^, 

and  less  the  several  Joint  products  and  plus  the  triple  product.  This  Is 

the  fraction  (WM*)  that  would  be  placed  In  the  protective  posture,  given 

support  In  the  form  of  radiological  measurements  (US)  and  Instructions  from 

D&C  (SP) .  Then,  in  relationship  4,  WM’  -C  +C  +C.  -CC  •••€  C  C,,  and 

wudwowud* 


Risk 

Host 

N^A 

In-Place 

Relocated 

In-Place  Relocated 

WM' 

(Best) 

0.86 

0.07 

0.82  0.86 

0.80 

(Low) 

0.70 

0.03 

0.65  0.70 

0.60 

(High) 

0.99 

0.15 

0.97  0.99 

0.97 

The 

effect 

of  receiving 

Instructions 

from  D&C  to  place  people  In 

the 

safest  parts  of  the  shelter  is  limited  by  the  judgment  that  50,  60,  70  percent  of 
trained  leaders  (managers,  monitors,  or  policemen)  would  do  It  anyway.  ASP  Is 
the  complement  of  this’estimate  *  50,  40,  30  percent.  The  fraction  of 
surviving  population  receiving  such  instructions  (SP)  is  brought  forward  from 
a  subordinate  calculation.  The  effect  of  the  organized  shelter  monitoring 
capability  on  the  ability  of  the  leadership  to  achieve  the  fallout  protective 
posture  (AUS)  Is  based  on  the  judgment  that  from  50,  65,  75  percent  of  the 
shelter  population  could  be  placed  in  the  proper  posture  without  radiation 
measurements,  given  advice  from  D&C.  This  judgment  recognizes  that  the  approximate 
guidelines  that  could  be  given  (along  the  walls  In  basement  areas  and  In  core 
areas  of  above  ground  shelter  areas)  would  be  effective  most  of  the  time.  The 
fraction  of  the  population  with  monitoring  capability  In  public  shelters  (US) 

Is  brought  forward  from  a  subordinate  calculation.  Then,  In  relationship  5, 

-  WM’{1  -  ASP(1  -  SP)}{1  -  AUS(1  -  US)},  and 
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Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

WM' 

0.86 

0.07 

0.82 

0.86 

0.80 

SP 

0.90 

0.84 

0.96 

0.96 

0.96 

ASP 

0.40 

0.40 

0.40 

0.40 

0.40 

US 

0.61 

0.04 

0.85 

0.87 

0.85 

AUS 

0.35 

0.35 

0.35 

0.35 

0.35 

E  (Best) 
s 

0.71 

0.04 

0.76 

0.81 

0.75 

(Low) 

0.44 

0.01 

0.53 

0.58 

0.50 

(High) 

0.95 

0.12 

0.96 

0.98 

0.96 

In  calculating  the  effectiveness  of  emergent  leaders  In  achieving  the 
fallout  protective  posture.  Information  about  the  fallout  protective  posture 
In  crisis  public  Information  (1^)  was  judged  to  prepare  SO,  65,  80  percent  of 
the  population  (OM')  to  adopt  the  posture,  given  a  monitoring  capability  (OU) 
and  advice  from  D&C  (SO),  except  for  stayputs  in  the  Relocated  Risk  areas,  who  | 

were  judged  poorly  prepared  (5,  7,  10  percent).  These  estimates  are  Identical  ( 

with  those  used  in  calculating  AMLOP.  The  public  monitoring  capability  (OU) 
was  brought  forward  from  a  subordinate  calculation.  The  importance  of  a 
monitoring  capability  to  emergent  leaders  was  judged  to  be  the  same  as  for 
the  organized  capability  (AUS).  The  fraction  of  the  population  receiving 
Instructions  from  D&C  on  adopting  the  posture  (SO)  was  brought  forward  from  a 
subordinate  calculation.  The  Importance  of  these  Instructions  (ASO)  was  judged 
to  be  75,  65,  SO  percent.  The  relative  effectiveness  of  emergent  leaders  (K^) 
was  judged  to  be  relatively  lower  than  organized  leadership  (K^,  and  K^), 

30,  45,  60  percent.  Then,  the  fraction  of  the  population  placed  In  the 
improved  fallout  posture  by  emergent  leaders  is  found  by  combining  relationships 
7  and  8,  •  OM  {l  -  A0U(1  -  0U)){1  -  AS0(1  -  SO)},  and 
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Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place  Relocated 

^4 

0.45 

0.45 

0.45 

0.45 

0.45 

OM' 

0.65 

0.07 

0.65 

0.65 

0.65 

OU 

0.23 

0.02 

0.40 

0.40 

0.40 

AOU  . 

0.50 

0.50 

0.50 

0.50 

0.50 

SO 

0.70 

0.65 

0.74 

0.74 

0.74 

ASO 

0.65 

0.85 

0.65 

0.65 

0.65 

E^  (Best) 

0.14 

0.01 

0.17 

0.17 

0.17 

(Low) 

0.04 

- 

0.06 

0.06 

0.06 

(High) 

0.35 

0.03 

0.38 

0.38 

0.38 

The  effectivenesses  of 

emergent  leaders  and  organization  personnel  are 

redundant.  Then, 

In  relationship  9,  FPF  •• 

E  E  -EE, 

s  o  so’ 

and  the  fraction 

of  the  population  of  public  shelters  In  the  Improved  fallout  posture 

Is 

Risk 

Host 

H/A 

In-Place 

Relocated 

In-Place  Relocated 

(Best) 

0.75 

0.05 

0.80 

0.84 

0.79 

FPF  (Low) 

0.46 

0.01 

0.56 

0.61 

0.53 

(High) 

0.97 

0.15 

0.98 

0.99 

0.98 

Fraction  In  Improved  Fallout  Posture  (FPF)  -  Home  Basements 

The  calculations  for  home  basements  are  similar  to  those  related  to  the 
emergent  leaders  In  public  shelters.  The  fraction  of  the  population  In  home 
'  basements  with  a  family  head  who  would  attempt  to  adopt  the  fallout  protective 

posture,  given  a  monitoring  capability  and  Instructions  from  D&C  via  EBS  (OM'), 
was  Judged  to  be  equal  to  the  estimate  of  emergent  leaders  In  public  shelters. 
,  It  was  assumed  that  the  fraction  of  the  public  In  home  basements  with  a 

I  radiation  detection  Instrument  was  negligible  (OU  ■  0) .  The  Importance  of 

,*  '  monitoring  capability  (AOU)  was  Judged  to  be  the  same  as  In  public  shelters. 

( 

w  >> 

I 

T.  . 


The  fraction  of  the  public  receiving  guidance  from  D&C  (SO)  was  judged  to  be 


equivalent  to  SO' .  The  relative  understanding  of  the  message  (K2  In  the 


calculation  of  SO)  was  combined  with  the  relative  effectiveness  of  achieving 
the  postures  Into  a  single  K  factor.  The  effect  of  Instructions  from  D&C  (ASO) 
was  assumed  to  be  the  same  as  for  emergent  leaders  in  public  shelter.  The  K 
factor  was  judged  to  be  largely  a  matter  of  understandablllty  of  Instructions, 
which  are  basically  simple  (best  corner  of  basement) .  Actually  placing  the 
family  group  In  this  location  would  not  be  difficult  compared  to  organizing  a 
much  larger  group  of  people  In  public  shelters.  Altogether,  K  was  estimated 
to  be  60,  75,  90  percent.  Then,  FPF  -  K  •  0M'{l  -  A0U(1  -  0U)}{1  -  AS0(1  -  SO)} 
and 


Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

R 

0.75 

0.75 

0.75 

0.75 

0.75 

OM' 

0.65 

0.07 

0.65 

0.65 

0.65 

OU 

- 

- 

- 

- 

- 

AOU 

0.50 

0.50 

0.50 

0.50 

0.50 

SO 

0.89 

0.85 

0.89 

0.89 

0.89 

ASO 

0.65 

0.85 

0.65 

0.65 

0.65 

FPF  (Best) 

0.23 

0.02 

0.23 

0.23 

0.23 

(Low) 

0.09 

0.01 

0.09 

0.09 

0.09 

(High) 

0.47 

0.06 

0.54 

0.54 

0.54 

Shelter  Communications  (SO,  SP) 

Shelter  occupants  can  receive  Information  from  D&C  In  two  ways:  (1) 
through  system  communications  from  EOCs  via  shelter  complex  headquarters  and 
(2)  via  EBS  broadcasts.  Both  trained  leaders  and  emergent  leaders  have  access 
to  both  means  where  they  are  functional. 


As  in  the  blast-protective  posture  calculation,  it  was  estimated  that 
there  would  be  at  least  one  battery-powered  radio  available  in  public  shelters 
(SOE  ■  1),  even  in  damaged  areas,  since  over  half  the  average  80  families  per 
shelter  were  judged  to  take  a  radio  to  the  shelter  with  them.  However,  receipt 
of  an  EBS  message  to  assume  the  fallout  protective  posture  would  depend  upon  the 
ability  of  D&C  to  broadcast  (DS)  calculated  separately.  ADS,  the  importance  of 
the  D&C  capability,  is  considered  absolute  (in  contrast  to  the  preattack  case) 
because  of  the  likely  loss  of  communications  from  Federal  and  State  levels  in 
the  period  immediately  after  attack.  Then,  in  relationship  4, 

SO'  -  S0E{1  -  ADS(1  -  DS)},  and 


Risk 

Host 

N/A 

In-Place  Relocated 

In-Place 

Relocated 

SOE 

1.00 

1.00 

1.00 

1.00 

1.00 

DS 

0.89 

0.85 

0.89 

0.89 

0.89 

ADS 

1.00 

1.00 

1.00 

1.00 

1.00 

SO'  (Best) 

0.89 

0.85 

0.89 

'  0.89 

0.89 

(Low) 

0.77 

0.72 

0.77 

0.77 

0.77 

(High) 

1.00 

0.99 

1.00 

1.00 

1.00 

In  calculating  the  fraction  of  the  population  having  a  system  communication 
link  after  attack  (SPE),  it  was  assiuied  that  local  telephone  communications  would 
be  out  in  Risk  areas  but  usable  in  Host  and  Neither  areas.  Further,  it  was 
Judged  that  half  of  the  preattack  radio  coverage  would  be  lost  in  Risk  areas. 

This  loss  would  be  mainly  at  the  shelter  complex  headquarters  level.  Thus,  in 
Risk  areas,  the  estimates  originally  made  for  AMLOF  (preattack)  are  cut  in  half. 
In  Host  and  Neither  areas,  the  estimates  are  Increased  because  20  percent  of  the 
population  is  judged  to  be  served  by  telephone  communications  —  a  capability 
that  was  considered  inappropriate  for  passing  the  urgent  AMLOP  message.  Then, 
in  relationship  5,  SPE  *  SPE  +  ASPE,  and 
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Risk 

Host 

N/A 

In-Place  Relocated  In-Place 

Relocated 

SPE 

0 

0.02 

0.02 

0.20 

0.20 

0.20 

ASPE 

0.35 

0.12 

0.70 

0.70 

0.70 

SPE  (Best) 

0.37 

0.14 

0.90 

0.90 

0.90 

(Low) 

0.30 

0.10 

0.80 

0.80 

0.80 

(High) 

0.45 

0.20 

1.00 

1.00 

1.00 

The  ability  of 

D&C  to 

pass  the  fallout  posture  message  (DX)  is  calculated 

separately.  Its 

importance 

is  judged  absolute. 

Then, 

in  relationship 

6, 

SP'  -  SPE{1  -  ADX(1 

-  DX)}, 

and 

Risk 

Host 

N/A 

In-Place  Relocated  In-Place 

Relocated 

DX 

0.99 

0.99 

0.99 

0.99 

0.99 

ADX 

1.00 

1.00 

1.00 

1.00 

1.00 

SP'  (Best) 

0.37 

0.14 

0.89 

0.89 

0.89 

(Low) 

0.29 

0.10 

0.76 

0.76 

0.76 

(High) 

0.45 

0.20 

1.00 

1.00 

1.00 

Since  any 

shelter  can 

receive  the  message 

either 

by  EBS  or  by  system 

communications , 

the 

total  Informed  (SR')  is  the 

sum  of 

SO'  and  SP'  less  their 

product.  The  ability  of  organization  personnel 

to  understand  the  message  (K^) 

is  Judged  to  be  very  high  (95,  97,  99  percent)  while  that  of  emergent 

leaders 

is  70,  75,  80  percent.  Then,  in  relationship  7 

,  SO'  - 

SO  +  SP'  -  SO' 

•  SP',  and 

Risk 

Host 

H/A 

In-Place  Relocated  In-Place 

Relocated 

SR'  (Best) 

0.93 

0.87 

0.99 

0.99 

0.99 

(Low) 

0.84 

0.75 

0.94 

0.94 

0.94 

(High) 

1.00 

0.96 

1.00 

1.00 

1.00 

In  relationship  8,  SO  > 

K2  0.7 

SO  (Best)  0.7 

(Low)  O.S 

(High)  0.8 

In  relationship  9,  SP  * 

Kj  0.9 

SP  (Best)  0.9 

(Low)  0.8 

(High)  0.9 


0.59 

0.53 

0. 

.66 

0.80 

0.77 

0, 

.80 

>  Kj  •  SR 

t 

» 

0.97 

0.97 

■1 

.97 

0.90 

0.84 

0 

.96 

0.80 

0.71 

0 

.90 

0.99 

0.95 

0 

.99 

-  Public  Information  (PS) 

In  calculating  DS  it  was  judged  that,  because  of  the  survivability 
of  the  Program  D  Prime  "backbone"  EOC  system  and  its  flexibility, 
sufficient  D&C  staff  (DSS)  and  facilities  (DSF)  would  survive  to  initiate 
the  fallout  protective  message  everywhere.  The  survivability  of  the  EBS  stations 
and  program  links  (IE  and  OSC)  will  also  be  high  at  the  end  of  Program  D  Prime 
but  coverage  will  not  be  complete.  Coverage  before  attack  is  estimated  to  be 
90,  95,  100  percent.  Although  protected  against  EMP  and  loss  of  electric  power, 
it  is  Judged  that  EBS  stations  are  somewhat  more  vulnerable  (K^  *  90,  95,  100 
percent)  than  the  program  links  to  them  (K^  ■  95,  98,  100  percent).  Then,  in 
relationship  8,  OSC  "  *  DSC',  and 


Risk 

In-Place  Relocated 
0.95  0.90 

0.98  0.98 


Host 

In-Place  Relocated 


DSC  (Best) 


i. 


I 

I 


i  relationship  6, 

IE  - 

•  IE', 

IE' 

0.95 

0.90 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

IE  (Best) 

0.90 

0.86 

0.90 

0.90 

0.90 

(Low) 

0.81 

0.76 

0.81 

0.81 

0.81 

(High) 

1.00 

0.95 

1.00 

1.00 

1.00 

Because  to  pass  the  message  it  Is  necessary  that  the  people  be  In 
range  of  EBS  and  that  the  program  link  from  the  EOCs  to  the  EBS  stations  be 
operable,  the  net  surviving  capability,  C^,  Is  the  lesser  of  DSC  and  IE;  In 
this  case,  ■  IE.  It  was  noted  above  that  facilities  would  be  adequate. 
Field  data  are  unnecessary  (ADZD  ~  0)  In  this  case. 


The  importance  of  the  broadcast  capability  Is  absolute  (AC^ 
Then,  In  relationship  11,  DS'  ■  DSS{1  -  AC^(1  -  C^)},  and. 


1.00). 


Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

DSS 

1.00 

1.00 

1.00 

1.00 

1.00 

S 

0.90 

0.86 

0.90 

0.90 

0.90 

n 

1.00 

1.00 

1.00 

1.00 

1.00 

DS'  (Best) 

0.90 

0.86 

0.90 

0.90 

0.90 

(Low) 

0.81 

0.76 

0.81 

0.81 

0.81 

(High) 

1.00 

0.95 

1.00 

1.00 

1.00 

Because  of  the  continuing  emphasis  on  fallout  protection  In  planning  and 
training.  It  Is  estimated  that  90,  95,  100  percent  of  the  surviving  population 
would  be  covered  by  operational  checklists  that  would  call  for  passing  the 
fallout  protective  message  (PB)  and  that  50,  75,  90  percent  of  EOC  staffs 
would  pass  the  message  over  EBS  even  If  It  were  not  In  the  plan  (1  >  APB) . 
Then,  In  relationship  12,  OS  ■  DS'{l  -  APB(1  -  PB)},  and 


1 


F-13 


r'ic.  »>  •*  -  -P:  •*''  • . _ _ ^  '  .  V  ,  . 


Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

DS' 

0.90 

0.86 

0.90 

0.90 

0.90 

PB 

0.95 

0.95 

0.95 

0.95 

0.95 

APB 

0.25 

0.25 

0.25 

0.25 

0.25 

DS  (Best) 

0.89 

0.85 

0.89 

0.89 

0.89 

(Low) 

0.77 

0.72 

0.77 

0.77 

0.77 

(High) 

1.00 

0.95 

1.00 

1.00 

1.00 

D&C  -  Inform  System  (DX) 

In  the  calculation  of  DX,  as  In  the  calculation  of  DS,  D&C  staff  and 
facilities  are  considered  ample  (DXS  and  DXF  >■  1).  Since  the  fraction  of  the 
population  covered  by  communications  Is  already  accounted  for  In  SPE,  ADXC  Is 
made  zero  to  recognize  that  two-way  communications  exist.  ADXD  Is  zero  because 
data  acquisition  Is  not  essential  to  the  FPF  message.  Hence,  DX'  Is  unity,  as 
It  was  for  AMLOF;  that  Is,  the  message  could  be  passed  over  the  suirvlvlng  system 
communications.  The  adequacy  of  plans  for  use  of  system  links  (PB)  Is  considered 
the  equal  of  the  plans  for  use  of  EBS  (In  DS);  that  Is,  90,  95,  100  percent. 

APB  Is  also  the  same  as  In  DS.  Then,  In  relationship  10,  DX  ■  DX'{1  -  AFB(1  -  FB)}, 
and 

Risk  Host  N/A 


In-Place 

Relocated 

In-Place 

Relocated 

DX’ 

1.00 

1.00 

1.00 

1.00 

1.00 

PB 

0.95 

0.95 

0.95 

0.95 

0.95 

APB 

0.25 

0.25 

0.25 

0.25 

0.25 

DX  (Best) 

0.99 

0.99 

0.99 

0.99 

0.99 

(Low) 

0.95 

0.95 

0.95 

0.95 

0.95 

(High) 

1.00 

1.00 

1.00 

1.00 

1.00 

* 

k  > 

I 

u . 

r 
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Shelter  RADEF  -  Organized  (US) 

The  calculation  of  the  organized  shelter  monitoring  capability  (US) 
is  based  on  the  premise  that  the  monitoring  needed  to  find  the  safest  place 
in  the  shelter  can  be  performed  by  either  the  shelter  monitor,  the  shelter 
manager,  or  the  police  monitor  assigned  to  the  shelter,  provided  a  working 
rate  meter  is  available.  The  potential  fraction  of  the  population  having 
shelter  monitors  (UB')  and  shelter  managers  (WP')  were  discussed  earlier  in 
FPF  -  Public  Shelters. 

The  estimate  of  the  potential  fraction  of  the  population  in  shelters 
with  an  instrument  kit  (UA*)  Is  considered  very  high  in  Host  and  Neither  areas 
(90,  95,  100  percent)  since  all  of  the  Program  D  Prime  procurement  is  slated 
for  these  areas.  The  fraction  covered  now  is  based  on  recent  program  status 
reports  that  indicate  that  about  55  percent  of  public  shelter  spaces  are 
equipped  with  RADEF  Instruments.  This  is  used  as  the  best  estimate.  Many  of 
these  Instruments  are  now  warehoused.  The  low  estimate  assumes  a  poor  surge 
performance  and  the  high  estimate  a  very  good  surge  performance,  accounting  for 
nearly  all  the  shelter  kits  that  have  been  deployed.  The  reliability  of  the 
instruments  is  taken  to  be  75,  85,  95  percent.  The  estimate  of  UA,  the 
fraction  of  the  population  with  reliable  shelter  Instruments,  is  found  by 
combining  relationships  7  and  8  so  that  UA  -  K^(UA^  +  AUA) ,  and 


Risk 

Host 

M/A 

In-Place 

Relocated 

In-Place 

Relocated 

(8) 

""l 

0.85 

0.85 

0.85 

0.85 

0.85 

(7) 

UA 

0 

0.55 

0.55 

0.55 

0.55 

0.55 

AUA 

- 

- 

0.40 

0.40 

0.40 

UA  (Best) 

0.47 

0.47 

0.81 

0.81 

0.81 

(Low) 

0.30 

0.30 

0.68 

0.68 

0.68 

(High) 

0.66 

0.66 

0.95 

0.95 

0.95 

In  each  locality,  it  Is  assumed  that  an  Instrumented  shelter  would 
have  a  shelter  monitor  if  enough  were  available;  hence,  the  Instrument 
coverage  (UA)  determines  the  actual  coverage  of  shelter  monitors  (UB  ■ 
Min  UB*  :  UA  In  relationship  9). 

On  the  other  hand,  managers  are  assumed  to  be  assigned  Independently 
of  Instruments;  hence,  the  number  of  managers  with  Instruments  Is 
WP  ■  WP'  •  UA  In  relationship  10.  Then, 


Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

(9)  UB  (Best) 

0.47 

0.02 

0.81 

0.81 

0.81 

(Low) 

0.30 

0.02 

0.68 

0.68 

0.68 

(High) 

0.66 

0.05 

0.95 

0.95 

0.95 

(10)  WP' 

0,58 

0.05 

0.50 

0.58 

0.45 

UA 

0.47 

0.47 

0.81 

0.81 

0.81 

WP  (Best) 

0.27 

0.02 

0.40 

0.47 

0.36 

(Low) 

0.15 

0.05 

0.29 

0.34 

0.22 

(High) 

0.59 

0.08 

0.76 

0.86 

0.76 

In  the  case  of  police  monitors,  UD'  Is  taken  from  the  FPF 
calculation  where  It  was  first  estimated.  It  was  assumed  that  each  such 
monitor  would  have  his  self-help  Instruments,  with  reliability  of  75,  85,  95 
percent.  However,  police  monitors  with  a  malfunctioning  Instrument  could  use 
a  shelter  kit  If  It  were  In  shelter;  hence,  the  instruments  available  (UI)  is 
greater  than  the  number  of  police  monitors  (UD").  Then,  In  relationship  12, 
UI'  -  Min(Kj,  •  UC)  :  UD',  and 


•*> .  p- 
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Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

UD'  -  UC' 

0.20 

0.01 

0.10 

0.20 

0.10 

^1 

0.85 

0.85 

0.85 

0.85 

0.85 

UI'  (Best) 

0.17 

0.01 

0.08 

0.17 

0.08 

(Low) 

0.10 

- 

0.05 

0.10 

0.05 

(High) 

0.26 

0.02 

0.13 

0.26 

0.13 

in  relationship  13,  UI  -  UA  +  UI' 

-  UA  •  UI’,  and 

UA 

0.47 

0.47 

0.81 

0.81 

0.81 

UI  (Best) 

0.56 

0.48 

0.83 

0.84 

0.84 

(Low) 

0.37 

0.30 

0.70 

0.71 

0.70 

(High) 

0.75 

0.67 

0.96 

0.96 

0.96 

With  respect  to  having  the  ability  to  find  the  safest  place  in  shelter, 
the  shelter  monitor  was  considered  best  (K^  *  95,  97,  99  percent),  the  police 
monitor  next  (K^  ■  80,  85,  90  percent),  and  the  manager  least  able  (50,  60,  70 
percent).  The  total  shelter  monitoring  capability  (US)  is  the  sum  of  the 
three  capabilities  less  the  double  products  plus  the  triple  product.  The 
relative  capabilities  are  found  in  relationship  14  (Cj^  >  Kg  *  UB),  relationship 
15  (Cp  -  Kj  •  WP),  and  relationship  16  (C^  -  Kg  •  Min  UI  •  UD').  Then, 
because  these  capabilities  are  redundant,  the  net  overall  capability  is  found 

by  combining  them  as  in  relationship  17: 


(OS  -  +  Cp  + 

^d  -  s,s 

- *  VpV- 

and. 

Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

s, 

0.46 

0.02 

0.79 

0.79 

0.79 

C 

D 

0.16 

0.01 

0.24 

0.28 

0.22 

tr 

"d 

0.14 

0.01 

0.08 

0.14 

0.08 

US  (Best) 

0.61 

0.04 

0.85 

0.87 

0.85 

(Low) 

0.41 

0.02 

0.72 

0.74 

0.71 

(High) 

0.84 

0.12 

0.98 

0.98 

0.98 

Shelter  RADEF  -  Emereent  (OU 


In  the  estimating  of  the  monitoring  capability  of  emergent  monitors, 
the  preparation  of  the  public  (1^  OH')  to  find  the  shelter  Instruments 
and  follow  the  Instructions  packed  with  the  Instruments  Is  estimated  to  be 
somewhat  less  effective  (50,  55,  70  percent)  than  the  preparation  for  the 
protective  posture  because  the  use  of  the  Instruments  Is  somewhat  more 
technical  In  nature.  The  availability  of  Instruments  (UA)  Is  drawn  from 
the  DS  calculation  where  It  was  first  estimated.  The  fraction  of  the 
public  receiving  Instructions  from  D&C  (SO)  was  calculated  separately. 

The  Importance  of  receiving  Instructions  on  use  of  Instruments  (ASO)  Is 
not  rated  high  except  In  the  case  of  stayputs,  because  the  shelter  Instrument 
kit  Instructions  should  be  sufficient  In  50,  65,  75  percent  of  the  shelters. 
Then,  In  relationship  2,  OU  ■  K  •  00' {l  -  AS0(1  -  SO)},  and 


Risk 

Host 

In-Place 

Relocated 

In-Place 

Relocated 

Id  -  OU' 

0.55 

0.07 

0.55 

0.55 

0.55 

UA 

0.55 

0.55 

0.95 

0.95 

0.95 

SO 

0.78 

0.65 

0.74 

0.74 

0.74 

ASO 

0.35 

0.85 

0.35 

0.35 

0.35 

OU  (Best) 

0.23 

0.02 

0.40 

0.40 

0.40 

(Low) 

0.10 

0.01 

0.22 

0.22 

0.22 

(High) 

0.44 

0.05 

0.63 

0.63 

0.63 

F.2  ESTIMATES  FOR  CURRENT  CAPABILITY  MAINTAINED 

The  following  changes  were  made  In  the  Inputs  compared  to  those  used 
for  the  estimates  for  Program  D  Prime  described  above. 
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Fraction  in  Improved  Fallout  Posture  (FPF)  -  Public  Shelters 

Availability  of  managers  (WP')  was  the  same  as  for  AMLOP  (Current 
Capability).  The  high  estimate  of  availability  of  monitors  (US')  was  taken 
from  IMIS  1970.  The  availability  of  police  monitors  (UD')  was  taken  one- 
half  of  that  for  D  Prime.  The  availability  of  emergent  leaders  (OM')  and 
their  relative  effectiveness  (K^)  was  taken  one-half  of  that  for  D  Prime. 

Fraction  in  Improved  Fallout  Posture  (FPF)  -  Home  Basements 

The  fraction  of  capable  homeowners  (OM')  and  their  relative  effectiveness 
were  taken  the  same  as  for  emergent  leaders  in  public  shelters. 

Shelter  Communications  (S0>  SP) 

The  fraction  of  shelters  with  surviving  communications  links  to  D&C 
(SOE)  was  taken  to  be  the  starting  fraction  (SOE^)  for  D  Prime.  As  was  done 
for  AMLOP,  the  relative  ability  of  emergent  leader  (K^)  and  Manager  (K^)  to 
understand  D&C  Instructions  were  taken  one-half  of  those  for  D  Prime. 

D&C  -  Public  Information  (PS) 

The  best  estimate  of  D&C  staff  (DSS')  was  taken  from  IMIS-1970,  EOC 
Operations  Group.  The  low  estimate  of  D&C  facilities  was  taken  from  IMIS-1970, 
EOCs  Meeting  Criteria;  the  high  estimate  from  IMIS-1970,  EOCs  Meeting  Criteria 
plus  Other  EOCs.  The  best  estimate  of  EOC  communication  link  to  EBS  was  taken 
from  IMIS-1970.  The  relative  survival  of  EBS  stations  was  taken  one-half  of 
that  for  D  Prime.  The  adequacy  of  operations  plans  for  improved  fallout  posture 
public  information  (PB)  was  taken  one-third  of  that  for  D  Prime. 

D&C  -  Inform  System  (DX) 

The  adequacy  of  operations  plans  for  improved  fallout  posture  system 
Information  (PB)  was  taken  one-half  of  that  for  D  prime. 


.  _  _ 
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Shelter  RADEF  -  Organized  (US) 

The  availability  of  monitors  (UB'),  managers  (UP'),  and  police  monitors 
(UD*)  was  taken  the  same  as  for  FPF.  The  best  estimate  for  availability  of 
shelter  RADEF  Instruments  (UA')  was  taken  from  IMIS-1970  (50  percent);  the 
low  and  higher  estimates  (40  and  70  percent)  are  the  same  as  used  for  D  Prime. 


Shelter  RADEF  -  Emergent  (OU) 

The  availability  of  emergent  monitors  (OU')  was  taken  one-half  of  that 
for  D  Prime. 


F.3  COMPARISON  OF  RESULTS 

As  a  result  of  these  changes  In  inputs,  the  following  values  for  the 
estimates  of  FPF  for  Current  Capability  Maintained  were  obtained  compared 
to  those  obtained  for  Program  D  Prime. 


Risk  Host  N/A 


In-Place 

Relocated  In-Place 

Relocated 

FPF  (Public  Shelters) 

(Best) 

0.75 

0.05  0.80 

0.84 

0.79 

D  Prime 

(Low) 

0.46 

0.01  0.56 

0.61 

0.53 

(High) 

0.97 

0.15  0.98 

0.99 

0.98 

Current 

(Best) 

0.21 

0.19 

0.19 

Capability 

(Low) 

0.08 

0.07 

0.07 

Maintained 

(High) 

0.39 

0.36 

0.36 

FPF  (Home  Basements) 

(Best) 

0.23 

0.02  0.23 

0.23 

0.23 

D  Prime 

(Low) 

0.09 

0.01  0.09 

0.09 

0.09 

(High) 

0.47 

0.06  0.54 

0.54 

0.54 

Current 

(Best) 

0.02 

0.02 

0.02 

Capability 

(Low) 

- 

- 

- 

Maintained 

(High) 

0.04 

0.05 

0.05 

RATIONALE  FOR  ESTIMATES  OF  FRACTION  ACHIEVING 
SUCCESSFUL  REMEDIAL  MOVEMENT  AFTER  LEAVING  SHELTER 


RATIONALE  FOR  ESTIMATES  OF  FRACTION  ACHIEVING 
SUCCESSFUL  REMEDIAL  MOVEMENT  AFTER  LEAVING  SHELTER 

This  Appendix  presents  the  rationale  for  the  input  values  used  in 
the  Program  Analysis  Model  (PAM)  to  produce  estimates  of  F(X)R  for  two 
programs:  D  Prime  and  Current  Capability  Maintained.  In  addition,  it 
demonstrates  the  calculation  in  PAM  of  the  estimates  of  F(X)R  for  Program 
D  Prime. 

The  structure  of  this  Appendix  follows  that  of  the  definitive 
description  of  PAM  in  Appendix  B,  Section  B.7,  of  W.E.  Strope  and  J.F. 
Devaney,  Effectiveness  of  Civil  Defense  Systems,  Center  for  Planning  and 
Research,  Inc.  (June,  1979).  The  relationships  referred  to  herein  are 
those  defined  in  that  report. 
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G.l  INTRODUCTION 


Two  considerations  are  basic  to  estimating  F(X)R.  In  general,  the  longer 
the  period  from  attack  to  leaving  shelter,  the  greater  the  likelihood  that 
successful  remedial  movement  can  be  achieved.  First,  with  the  passage  of  time, 
the  surviving  CD  system  should  become  better  organized  and  more  effective  In  two 
essential  operations:  (1)  supplying  Information  about  current  conditions  to  D&C 
as  a  basis  for  planning  remedial  movements  and  for  Informing  the  public  and  other 
elements  of  the  CD  organization  and  (2)  providing  transportation  for  the  people 
moving  In  an  organized  movement.  Second,  with  more  and  better  Information  about 
current  conditions  and  with  more  time  to  plan,  the  Importance  of  having  operations 
plans  drawn  before  the  attack  would  lessen.  Therefore,  estimates  are  made  for 
remedial  movements  In  the  situations  that  would  prevail  In  four  periods  after 
the  attack: 

a.  Immediate  (FER,  FRR) :  within  the  first  day.  This  Is  appropriate 
for  those  forced  out  by  fire  and  those  released  by  Immediate  rescue. 

b.  Early  (FWR,  FRR) ;  from  1.5  to  3  days  after  the  attack.  This  Is 
appropriate  for  those  forced  out  by  lack  of  water  and  those  released 
by  reentrant  rescue. 

c.  Delayed  (FVR) ;  from  3.5  to  6  days  after  the  attack.  This  Is 
appropriate  for  those  forced  out  by  Inadequate  ventilation. 

d.  Emergence  (FER) :  from  1  to  2  weeks  after  the  attack  for  those 
leaving  shelter  at  the  end  of  the  expected  stay. 

In  addition,  estimates  are  made  for  damaged  areas  (those  receiving  greater 
than  2  psl)  and  for  undamaged  areas  (those  receiving  less  than  2  psl) .  In  the 
tables,  estimates  for  damaged  areas  are  found  In  the  columns  headed  "Risk",  and 
those  for  undamaged  areas  In  the  columns  headed  "Host"  and  "N/A".  The  estimates 
In  the  "Rlsk'Relocated"  columns  are  for  damaged  areas  from  which  people  have  ^ 
relocated.  The  estimates  In  the  "Risk-In-place"  columns  are  for  all  other 
damaged  areas. 
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G.2  ESTIMATES  FOR  PROGRAM  D  PRIME 


Estimates  of  Fraction  In  Successful  Remedial  Movement 
Estimates  for  Immediate  Period  (FFR,  FRR) 

Remedial  movement  because  of  fire  and  Immediate  rescue  would  occur 
only  in  damaged  (Risk)  areas.  The  movement  could  be  led  by  an  emergent 
leader,  by  organization  personnel  using  only  the  resources  available  in 
or  near  the  shelters,  or  by  a  task  force  organized  by  direction  of  D&C. 


The  effectiveness  of  public  information  in  preparing  the  public  for 

remedial  movement  (I,  ■  OJ')  is  judged  to  be  very  high  —  except  among  the 

a 

stay-puts  in  the  Relocated  Risk  areas  —  so  that  some  80,  85,  90  percent  of 
the  emergent  leaders  (5,  7,  10  percent  in  relocated  areas)  would  attempt 
remedial  movement  (OJ')  given  support  in  the  form  of  monitoring  capability 
(OU)  and  instructions  from  D&C  (SO).  The  Importance  of  monitoring  (AOU)  on 
the  success  of  the  movement  is  judged  to  be  Ipw;  75,  80,  90  percent  (1  -  AOU) 
would  succeed  without  it.  On  the  other  hand,  information  from  D&C  (SO), 


especially  about  preferred  destinations,  is  judged  very  Important;  only  10, 
20,  30  percent  (1  -  ASO)  would  succeed  without  it  (1  to  5  percent  in  the 


relocated  areas) .  The  relative  effectiveness  of  emergent  leaders  (K^)  is 
judged  lowest  of  the  three  alternatives  (25,  30,  35  percent).  Then,  combining 


relationships  1  and  2,  *  0J'{1  -  A0U(1  -  0U)}{1  -  AS0(1  -  SO)},  and 


In-Place 


Risk 


Relocated 


Low 

Best 

High 

Low 

Best 

High 

•"l 

0.35 

0.30 

0.35 

0.25 

0.30 

0.35 

OJ' 

0.80 

0.85 

0.90 

0.05 

0.07 

0.10 

OU 

0.06 

0.18 

0.38 

0.01 

0.02 

0.05 

1 

AOU 

0.25 

0.20 

0.10 

0.25 

0.20 

0.10 

J.  . 

1 

SO 

0.04 

0.14 

0.28 

0.03 

0.10 

0.22 

I 

ASO 

0.90 

0.80 

0.70 

0.98 

0.97 

0.95 

0.02 


0.07 


0.15 


0.01 
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The  relative  effectiveness  of  system  personnel  in  a  shelter-based 
movement  is  judged  to  be  30,  35.  40  percent  and  that  of  an  organized 
movement  90,  93,  95  percent.  When  these  factors  are  applied  to  the 
respective  capabilities  WG  and  WJ  from  subordinate  calculations  In 
relationships  4  (E  ■  K,  •  WG)  and  5  (E.  -  K-  •  WJ) ,  and  the  resultant 

g  2  33 

estimates  of  effectiveness  are  combined  as  In  relationship  6 

(E  ■  E  +  E.  -  E  •  E,),  the  overall  effectiveness  of  the  civil  defense 

^  e  J  o  J 

organization  In  achieving  successful  remedial  movement  Is  found  to  be: 

Risk 

In-Place  Relocated 


Low 

Best 

High 

Low 

Best 

High 

WG 

- 

0.01 

0.03 

- 

- 

- 

K2 

0.90 

0.93 

0.95 

0.90 

0.93 

0.95 

WJ 

0.08 

0.25 

0.53 

- 

0.01 

0.05 

*^3 

0.30 

0.35 

0.40 

0.30 

0.35 

0.40 

Es 

0.02 

0.10 

0.23 

- 

- 

0.03 

Movements  led  by  emergent  leaders  and  by  system  personnel  are  also 

redundant.  Then,  the  potential  overall  effectiveness  If  found  In  relationship 

7  (E_  -  E  +  E,  -  E  E  ),  and 
rm  o  3  os 

Risk 

In-Place  Relocated 

Low  Best  High  Low  Best  High 

E  0.04  0.16  0.35  -  -  0.04 

rm 

The  maximum  fraction  who  could  be  relocated  In  good  weather  (FFR*)  Is 
judged  to  be  from  70,  80,  90  percent.  Two>thlrds  of  the  population  might  be 
subject  to  adverse  weather  (EP^)  which  Is  judged  to  have  a  probability  of 
occurrence  (P^)  from  2,  4,  6  percent  (as  In  estimating  FCR).  Then,  combining 
relationships  8,  9,  and  10,  FFR,  FRR  ■  E^^  •  FFR'(1  -  FP^  •  E^)»  and  the 
estimated  fraction  of  those  In  public  shelters  who  could  achieve  successful 
remedial  movement  In  the  Immediate  period  is : 


Public 

Shelters 


In-Place 


Relocated 


Shelters 

Best 

Best 

High 

FFR' 

0.70 

0.90 

0.80 

FPw 

0.67 

0.67 

0.67 

0.67 

0.67 

^w 

0.02 

O.OA 

0.06 

0.04 

0.06 

FFR,  FRR 

0.03 

0.13 

0.30 

- 

- 

0.04 

In  estimating 

values 

of  FFR, 

FRR  for 

those  In 

home  basements,  the 

proportion  of  those  prepared  for  remedial 

movement 

(Ij  -  OJ') 

is  taken 

the  same  as  for  those  of  the  public  who  were  in  public  shelters.  The 
importance  of  monitoring  (AOU)  and  Instruction  from  D&C  (ASO)  Is  also 
judged  to  be  the  same.  However,  those  In  home  basements  would  not  have  any 
monitoring  capability  (OU  *0).  In  addition,  the  effectiveness  of  an 
organized  movement  (WG)  for  those  in  home  basements  Is  judged  to  be  half  that 
for  public  shelters.  When  these  changes  are  Introduced,  the  estimated  values 
of  FFR,  FRR  for  home  basements  are: 

Risk 

In-Place  Relocated 

Home 

Basements  Low  Best  High  Low  Best  High 

FFR,  FRR  0.01  0.05  0.12  -  -  0.01 

Estimates  for  Early  Period  (FWR,  FRR) 

In  this  period,  remedial  movement  after  rescue  would  occur  only  In 
damaged  (Risk)  areas  but  movement  after  being  forced  out  by  lack  of  water 
could  occur  In  all  areas.  Therefore,  estimates  of  FWR  are  required  for  all 


areas. 
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The  only  changes  in  the  inputs  for  calculating  the  effectiveness  of 
emergent  leaders  (E^)  from  those  for  the  immediate  period  are  in  monitoring 
(OU)  and  D&C  information  (SO)  both  of  which  are  calculated  separately.  The 
relative  effectiveness  of  the  organized  movement  (K2)  was  judged  to  be  higher 
in  Host  and  N/A  areas  (95,  97,  99  percent)  than  that  of  the  shelter-based 
movement  (K^)*  (60,  70,  80  percent)  in  those  areas  because  of  the  absence  of 
damage.  When  these  changes  are  Introduced,  together  with  new  values  of  W6  and 
WJ  calculated  separately,  the  values  of  FWR,  FRR  for  public  shelters  and  home 
bas^ents  in  the  early  period  are: 


Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

Public 

(Best) 

0.21 

0.02 

0.65 

0.64 

0.64 

Shelters 

(Low) 

0.08 

- 

0.42 

0.44 

0.42 

(High) 

0.40 

0.04 

0.84 

0.83 

0.83 

Home 

(Best) 

0.11 

0.01 

0.22 

0.22 

0.22 

Basements 

(Low) 

0.04 

- 

0.10 

0.11 

0.10 

(High) 

0.21 

0.02 

0.35 

0.34 

0.34 

Estimates  for  Delayed  Period  (FVR) 

Inadequate  ventilation  would  force  people  to  leave  only  public  shelters. 
In  the  calculation  of  FVR,  it  is  found  that  the  input  values  of  OU,  SO,  WG, 
and  WJ,  all  calculated  separately,  are  changed,  chiefly  because  of  the 
Improvement  in  information  capabilities  with  time  after  the  attack.  As  a 
result  of  these  changes,  the  estimated  values  of  FVR  for  public  shelters  in 
the  delayed  period  are: 


Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

Public 

(Best) 

0.22 

0.02 

0.78 

0.87 

0.74 

Shelters 

(Low) 

0.10 

0.01 

0.56 

0.61 

0.50 

(High) 

0.41 

0.05 

0.91 

0.93 

0.91 

All  survivors  would  leave  the  shelters  at  the  end  of  their  planned 
stay.  Therefore,  emergence  estimates  are  required  for  public  shelters  and 
home  basements  In  all  areas.  For  all  except  the  Risk  In-Place  areas  the 
estimated  values  for  FER  are  identical  to  those  for  FVR.  Again,  the  Input 
changes  for  the  Risk  In-Place  areas  are,  directly  or  indirectly,  attributable 
chiefly  to  Improved  information  capabilities.  Similar  changes  from  the  FWR 
inputs  are  found  with  respect  to  home  basements.  As  a  result  of  these  changes, 
the  estimated  values  of  FER  in  the  emergence  period  are: 


Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

Public 

(Best) 

0.22 

0.02 

0.78 

0.82 

0.74 

Shelters 

(Low) 

0.10 

0.01 

0.56 

0.61 

0.50 

(High) 

0.43 

0.05 

0.91 

0.93 

0.91 

Home 

(Best) 

0.13 

0.01 

0.37 

0.50 

0.36 

Basements 

(Low) 

0.05 

- 

0.20 

0.27 

0.14 

(High) 

0.22 

0.04 

0.60 

0.69 

0.59 

Shelter  RADEF  -  Emergent  (OU) 

All  of  the  Inputs  used  in  calculating  OU  are  the  same  as  used  in 
calculating  OU  for  use  in  estimating  FPF  except  for  SO  which  is  calculated 
separately.  In  the  Risk  In-Place  area  the  values  of  OU  in  the  immediate 


period 

are  6,  18,  38  percent. 

In  other  areas 

for  all  periods,  the  values 

Risk 

In-Place 

Relocated 

Other  Areas 

(Best) 

0.22 

0.02 

0.39 

OU 

(Low) 

0.08 

0.01 

0.21 

(High) 

0.43 

0.05 

0.62 

All  of  the  Inputs  used  in  calculating  SO  and  SP  are  the  same  as  used 
in  calculating  the  estimates  of  FPF  except  for  DS  and  DX,  which  are  calculated 
separately,  and  K2>  which  is  Judged  to  be  20,  30,  40  percent  in  the  immediate 
period  but  60,  68,  75  percent  thereafter  because  the  emergent  leader  would 
have  gained  experience.  is  judged  to  be  85,  90,  95  percent  in  all  periods. 
When  these  changes  are  introduced,  the  values  of  SO  and  SP  are  as  shown  in 
Table  G.l. 


D&C  ~  Public  Information  (DS) 

Estimates  for  Immediate  Period  (DS) 

In  the  calculation  of  the  estimated  capability  of  D&C  to  inform  the 
public  via  EBS  (DS)  survival  of  D&C  staff  (K^)  and  facilities  (K2)  is  judged 
to  be  at  least  equal  to  that  of  the  people  in  shelters  and  therefore  DSS  - 
DSF  «  1.0.  The  availability  of  communications  from  D&C  to  the  EBS  stations 
(OSC)  is  judged  to  be  less  than  complete  (80,  90,  95  percent  in  the  Relocated 
areas  and  90,  95,  100  percent  in  other  areas)  and  the  survival  of  these  links 
(K^)  somewhat  less  than  that  of  the  people  (95,  98,  100  percent  in  all  areas). 
Then,  in  relationship  8,  DSC  -  *  DSC',  and 

Risk 

In-Place  Relocated 


Low 

Best 

High 

Low 

Best 

High 

DSC 

0.90 

0.95 

1.00 

0.80 

0.90 

0.95 

^5 

0.95 

0.98 

1.00 

0.95 

0.98 

1.00 

DSC 

0.86 

0.93 

1.00 

0.76 

0.88 

0.95 

Similarly,  coverage  of  the  EBS  stations  (IE')  is  judged  less  than 
complete  (85,  90,  95  percent  in  the  Relocated  areas  and  90,  95,  100  percent 
elsewhere)  and  survival  of  the  EBS  stations  (K^)  somewhat  less  than  that  of 
the  people  (90,  95,  100  percent).  Then,  in  relationship  6,  IE  -  *  IE' 

and  in  relationship  9,  C.  >  Min  DSC  :  IE,  so  that. 
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Table  6.1 


SHELTER 

COMMUNICATIONS 

(SO,  SP) 

Period 

In-Place 

Relocated 

In-Place 

Relocated 

Best 

0.14 

0.10 

Immediate 

Low 

0.04 

0.03 

High 

0.28 

0.22 

Best 

0.57 

0.67 

0.67 

0.67 

0.67 

Early 

Low 

0.40 

0.40 

0.58 

0.58 

0.58 

High 

0.71 

0.75 

0.75 

0.75 

0.75 

Best 

0.80 

0.02 

0.67 

0.67 

0.67 

Delayed 

Low 

0.65 

0.01 

0.57 

0.57 

0.56 

High 

0.92 

0.05 

0.75 

0.75 

0.75 

Best 

0.62 

0.56 

0.67 

0.67 

0.67 

Emergence 

Low 

0.48 

0.41 

0.57 

0.57 

0.56 

High 

0.73 

0.69 

0.75 

0.75 

0.75 

Best 

0.40 

0.30 

Immediate 

Low 

0.17 

0.11 

High 

0.67 

0.53 

Best 

0.75 

0.79 

0.89 

0.89 

0.89 

Early 

Low 

0.56 

0.57 

0.82 

0.82 

0.82 

High 

0.90 

0.91 

0.95 

0.95 

0.95 

Best 

0.80 

0.75 

0.89 

0.89 

0.88 

Delayed 

Low 

0.65 

0.58 

0.81 

0.81 

0.79 

High 

0.92 

0.87 

0.95 

0.95 

0.95 

Best 

0.82 

0.75 

0.89 

0.89 

0.88 

Low 

0.68 

0.58 

0.81 

0.81 

0.79 

High 

0.92 

0.87 

0.95 

0.95 

0.95 

I 
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Risk 

In-Place  Relocated 


Low 

Best 

High 

Low 

Best 

High 

IE* 

0.90 

0.95 

1.00 

0.85 

0.90 

0.95 

^3 

0.90 

0.95 

1.00 

0.90 

0.95 

1.00 

(6) 

IE 

0.81 

0.90 

1.00 

0.76 

0.86 

0.95 

(9) 

Ck 

0.81 

0.90 

1.00 

0.76 

0.86 

0.95 

However,  In  the  remedial  movement  case,  the  ability  of  D&C  to  give 
instructions  (DS)  can  also  be  limited  by  the  availability  of  data  about 
the  situation,  the  condition  of  the  civil  defense  system,  and  so  on  (DZD  - 
17,  39,  66  percent  in  the  In-Place  areas  and  18,  31,  53  percent  in  the 
others  from  a  subordinate  calculation).  The  Importance  of  having  data  is 
absolute  (AOZD  «  1).  As  noted  above,  facilities  are  judged  to  be  fully 


adequate  and,  therefore. 

ADSF  is  not 

material 

to  the 

calculation. 

Then, 

in  relationship 

11,  DS' 

-  DSS  •  Min{l  -  AC^d 

-  C^)>: 

{1  -  ADZD(1 

-  DZD)} 

Risk 

In-Place 

Relocated 

Low 

Best 

Msh. 

Low 

Best 

High 

DSS 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

s, 

0.81 

0.90 

1.00 

0.76 

0.86 

0.95 

n 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

DZD 

0.17 

0.39 

0.66 

0.13 

0.31 

0.53 

ADZD 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

DS’ 

0.17 

0.39 

0.66 

0.13 

0.31 

0.53 

The  effectiveness  of  D&C  in  the  public  information  operation  can 
be  limited  by  its  treatment  in  operation  plans  (PB) .  It  was  judged  that  this 
treatment  would  be  nearly  adequate  at  completion  of  D  Prime  (PB  ■  95,  98,  100 
percent).  And  it  was  judged  that  D&Cs  would  inform  the  public  without 
plans  in  10,  20,  30  percent  of  the  cases  (APB  “  90,  80,  70  percent).  Then,  in 
relationship  12,  DS  -  DS'{l  -  APB(1  -PB  )},  and 
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Risk 


In- 

-Place 

Relocated 

Low 

Best  High 

Low 

Best 

High 

DS’ 

0.17 

0.39  0.66 

0.13 

0.31 

0.53 

PB 

0.95 

0.98  1-00 

0.95 

0.98 

1.00 

APB 

0.90 

0.80  0.70 

0.90 

.  0.80 

0.70 

DS 

0.16 

0.38  0.66 

0.12 

0.30 

0.53 

Estimates 

for  Early  Period  (DS) 

In  the  calculation 

of  DS  for  the  early 

period,  DZD  (calculated  separately) 

Is  substantially  higher 

than  for  the  immediate  period 

i  in  the  Risk 

areas  and 

almost  fully  adequate  In 

Host  and  N/A  areas 

.  In  addition,  it  is  judged  that 

D&C  would  Issue 

;  the  information  needed  for 

remedial  movement  without  operations 

plans  85,  90,  95  percent 

of 

the  time  In  Host  and  N/A 

areas  and  70, 

75,  80 

percent  of  the 

time  In  Risk 

areas  as  compared  to  10, 

20,  30  percent  in  the 

Immediate  case. 

When  these  changes  are  introduced,  the  values  of 

DS  for  the 

early  period  are : 

Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

N/A 

(Best) 

0.78 

0.86 

0.90 

0.90 

0.90 

(Low) 

0.59 

0.65 

0.80 

0.80 

0.80 

(High) 

0.91 

0.95 

1.00 

1.00 

1.00 

Estimates  for  the  Delayed  Period  (DS) 

Three  changes  in  inputs  affect  the  estimates  of  DS  for  the  delayed 
period.  The  relative  survival  of  EBS  stations  (K^)  would  decrease  (to  85,  90, 
95  percent  in  Risk  and  Host  areas  and  to  75,  80,  85  percent  in  N/A  areas) 
because  of  exhaustion  of  fuel  supplies  and  Inability  to  resupply  and  repair 
breakdowns.  Availability  of  data  (DZD)  in  the  Risk  -  In-Place  areas  would 
Increase  (to  71,  85,  93  percent  as  calculated  separately)  because  the  natural 
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alleviation  of  attack  effects,  especially  fallout,  would  permit  more 
freedom  of  outdoor  movement.  And  the  importance  of  having  operations  plans 
would  decrease  in  the  Risk  areas  to  the  same  level  as  in  the  other  arMs 
(APB  ■  15,  10,  5  percent).  When  these  changes  are  introduced,  the  values  of 
OS  for  the  delayed  period  are: 


Risk 

Host 

W/A 

In-Place  Relocated 

In-Place 

Relocated 

(Best) 

0.85 

0.81 

0.86 

0.86 

0.76 

(Low) 

0.70 

0.66 

0.75 

0.75 

0.68 

(High) 

0.93 

0.90 

0.95 

0.95 

0.85 

Estimates  for  the  Emergence  Period  (PS) 

The  only  change  in  input  to  the  OS  calculation  for  the  emergence  period 
is  in  DZD  which  (calculated  separately)  Increases  in  the  Risk  In-Place  areas 
to  74,  89,  96  percent.  With  this  change,  the  values  for  DS  in  the  emergence 
period  are: 


Risk 

Host 

N/A 

In-Place 

Relocated 

In-Place 

Relocated 

(Best) 

0.86 

0.81 

0.86 

0.86 

0.76 

(Low) 

0.74 

0.66 

0.75 

0.75 

0.68 

(High) 

0.95 

0.90 

0.95 

0.95 

0.85 

D4C  -  Inform  System  fOX) 


In  the  calculation  of  DX  for  the  immediate  period,  survival  of 
facilities  and  staff  are  taken,  as  in  calculating  DS,  at  least  equal  to 
that  of  the  people  (DZS  *  DZF  ■  1).  But  system  communications  were  Judged 
quite  sensitive  to  attack  effects  in  Risk  areas  (DZC  *  25,  30,  35  percent) 
but  less  so  in  Host  and  N/A  areas  (DZC  -  80,  90,  100  percent).  DZD  is  the 
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same  as  for  the  DS  calculation  and  ADZD  -  1.00.  On  the  other  hand,  the 
Importance  of  operations  plans  In  the  Risk  area  for  the  system  Information 
operation  was  Judged  to  be  less  than  for  public  Information  (APB  *  15,  10,  5 
percent).  Then,  combining  relationships  9  and  10, 


DZS 

•  Mln{l  - 

■  Adzc(i  - 

DZC)}:{1  - 

ADZD(1  - 

DZD)}*{1  - 

APB(1 

Risk 

In-Place 

Relocated 

Low 

Best 

High 

Low 

Best 

High 

DZS 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

DZC 

0.25 

0.30 

0.35 

0.25 

0.30 

0.35 

ADZC 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

DZD 

0.17 

0.39 

0.66 

0.13 

0.31 

0.53 

ADZD 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

PB 

0,95 

0.98 

1.00 

0.95 

0.98 

1.00 

APB 

0.15 

0.10 

0.05 

0.15 

0.10 

0.05 

DX 

0,17 

0.30 

0.35 

0.13 

0.30 

0.35 

The  foregoing  estimates  of  OX  apply  to  the  D&C  system  Informing  function 
generally  (DZ)  and.  In  the  remedial  movement  case,  specifically  to  the  calculation 
of  organized  movement  capability  (WG).  However,  for  the  calculation  of  the 
shelter-based  movement  capability  of  organization  personnel,  the  communications 
are  those  between  EOCs  and  the  shelters  and  DZC  *  SFE  (from  the  FPF  calculation  ) . 
In  the  calculation  of  the  shelter  communications  potential  capability  (SP'), 
the  EOC-to-shelter  communications  are  accounted  for  In  the  SPE,  ASPE  factors 
and  need  not  be  Introduced  to  the  DX  calculation. 

The  only  change  In  Inputs  to  the  DX  calculation,  for  periods  after  the 
Immediate  Is  In  the  values  of  DZD  which  are  calculated  separately.  When 
these  modifications  are  Introduced  the  values  of  DX  to  be  used  as  Inputs  to 
the  WG,  WJ,  and  SP'  calculations  are  as  shown  In  Table  G.2. 


Table  6.2 


D&C  -  INFORM  SYSTEM  (DZ) 


Risk  Host  N/A 


Period 

In-Place 

Relocated 

In-Place 

Relocated 

DZ(WG)  Best 

0.30 

0.30 

Inunedlate  Low 

0.17 

0.13 

High 

0.35 

0.35 

Best 

0.35 

0.30 

Others  Low 

0.25 

0.25 

High 

0.35 

0.35 

DZ(WJ)  Best 

0.30 

0.14 

Immediate  Low 

0.17 

0.10 

High 

0.35 

0.20 

Beat 

0.37 

0.14 

0.90 

0.90 

0.90 

Others  Low 

0.30 

0.10 

0.79 

0.79 

0.79 

High 

0.45 

0.20 

1.00 

1.00 

1.00 

DZ(SF')  Best 

0.30 

0.30 

Immediate  Low 

0.17 

0.13 

High 

0.35 

0.45 

Best 

0.78 

0.87 

1.00 

1.00 

1.00 

Early  Low 

0.60 

0.66 

0.97 

0.97 

0.97 

High 

0.91 

0.95 

1.00 

1.00 

1.00 

Best 

0.84 

0.87 

1.00 

1.00 

1.00 

Delayed  Low 

0.69 

0.66 

0.97 

0.97 

0.97 

High 

0.95 

0.95 

1.00 

1.00 

1.00 

Best 

0.89 

0.87 

1.00 

1.00 

1.00 

Emergence  Low 

0.73 

0.66 

0.97 

0.97 

0.97 

High 

0.96 

0.95 

• 

1.00 

1.00 

1.00 

imimiiMi.amuSh  'imiamumm 
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The  estimate  of  the  capability  of  the  CD  system  to  supply  systems 
information  to  D&C  (DZD)  is  based  on  the  concept  that  information  could  be 
available  to  D&C  from  the  emergency  services  and  the  shelters  as  well  as 
from  the  weapons  effects  reporting  stations  (WERs)  although  these  sources 
may  differ  in  survival  of  their  staffs,  survival  and  importance  of  their 
communications,  and  their  relative  effectivenesses  in  acquiring  and  reporting 
field  data. 

•  Fire  Service.  The  effective,  functioning  fire  service  staff  (FIS) 
is  judged  to  survive  50,  60,  70  percent  as  well  as  the  people  in 
the  damaged  areas.  Survival  of  fire  service  communications  (FIC) 
is  Judged  to  be  25,  30,  35  percent  in  the  damaged  areas  because  of 
EMP  effects.  The  fire  service  has  some  mobility  So  it  is  judged 
that  it  could  report  data  without  communications  30,  40,  50  percent 
of  the  time  (AFIC  »  70,  60,  50  percent).  The  relative  effectiveness 
of  the  fire  service  in  reporting  data  to  D&C  (K^)  is  judged  to  be 
10,  20,  30  percent  at  this  early  time  after  the  attack.  Then, 
combining  relationships  1  and  2,  *  FIS{l  -  AFIC(1  -  FIC)}, 


Low 

In-Place 

gest 

High 

Low 

Relocated 

Best 

High 

FIS 

0.50 

0.60 

0.70 

0.50 

0.60 

0.70 

FIC 

0.25 

0.30 

0.35 

0.25 

0.30 

0.35 

AFIC 

0.70 

0.60 

0.50 

0.70 

0.60 

0.50 

^1 

0.10 

0.20 

0.30 

0.10 

0.20 

0.30 

"f 

0.02 

0.07 

0.14 

0.02 

0.07 

0.14 

s 
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•  Medical  Service.  Survival  of  the  effective  medical  staff  (MIS) 

Is  judged  to  be  the  same  as  the  fire  service  except  In  the 
Relocated  areas  where  It  Is  estimated  to  be  only  10,  15,  20  percent 
that  of  the  people.  Medical  service  communications  (MIC)  are 
estimated  to  survive  only  5,  10,  IS  percent  as  well  as  the  people 
In  damaged  areas.  Because  the  medical  service  has  little  mobility, 
the  Importance  of  communications  for  reporting  field  data  Is  taken 
to  be  absolute  (AMIC  "  1.0).  The  relative  effectiveness  of  the 
medical  service  as  a  source  of  field  data  Is  Judged  to  be  low 
(K2  "■2,  6,  10  percent).  Then,  combining  relationships  3  and  4 
as  for  El  above,  the  values  of  E'  are  0,  1,  2  percent  for  Risk 

r  in 

In-Place  areas  and  0,  0,  1  percent  for  Risk  Relocated  areas. 

e  Police  Service.  The  effective  police  service  would  also  survive 
at  the  same  rate  as  the  fire  service:  LLS  ■■  50,  60,  70  percent  as 
well  as  the  people.  Police  conaminlcatlons  (LLS)  would  also  survive 
25,  30,  35  percent  as  well  as  the  people  In  damaged  areas.  However, 
because  the  police  service  Is  highly  mobile,  Its  communications  are 
less  important  to  Its  capability  to  report  data  and  It  Is  judged  that 
the  police  could  Inform  D&C  from  60  to  70  percent  of  the  time  without 
communications  (ALLC  >  40,  35,  30  percent).  The  police  service  Is 
judged  to  be  no  more  effective  than  the  fire  service  In  acquiring 
and  reporting  field  data  this  soon  after  the  attack:  (K^  ■  10,  20, 

30  percent).  Then,  combining  relationships  5  and  6,  the  potential 
capability  of  the  police  service  In  acquiring  and  reporting  data  In 
damaged  areas  E^  *  4,  9,  17  percent. 

e  Shelters  (Warden  Service).  The  civil  defense  organization  personnel 
In  the  shelters  would  survive  at  the  same  rate  as  the  people  but 
their  ability  to  function  would  be  degraded  by  Injury.  Therefore, 
the  surviving,  effective  staff  (WZS)  In  the  shelters  Is  taken  to  be 


the  probabilistic  combination  of  the  estimated  number  of  shelter  managers 
(WP'),  shelter  monitors  (UB*),  and  police  monitors  (UD*)  in  the  shelters 
with  survival  ratios  of  50  percent  for  the  low  estimate,  60  percent  for 
the  best,  and  70  percent  for  the  high.  Communications  from  the  shelters 
to  D&C  (WZC)  is  the  same  as  SPE  in  the  SO,  SP  calculation.  The  shelter 
staff  would  have  no  mobility  so  the  Importance  of  communications  (AWZC) 
is  equal  to  1.0.  Because  the  principal  item  of  field  data  for  remedial 
movement  at  shelter  emergence  would  be  the  radiological  situation,  the 
relative  effectiveness  of  the  shelter  staffs  is  taken  to  be  that  of 
their  monitoring  capability  (US)  calculated  separately.  Then,  combining 
relationships  7  and  8,  the  potential  data  acquisition  capability  of  the 
warden  service,  ^3,  26  percent  in  the  Risk  In-Place  areas  and 

zero  in  the  Risk  Relocated  areas. 

Resource  Service.  Survival  of  the  effective  resource  service  staff 
(RRS)  and  its  communications  (RRC)  are  Judged  to  be  the  same  as  for  the 
fire  and  police  services.  Because  of  its  mobility  the  importance  of 
communications  to  its  reporting  ability  (ARRC)  is  judged  to  be  equal  to 
that  of  the  police  service.  Its  relative  effectiveness  (K^)  was  taken 
to  be  equal  to  that  of  the  fire  service.  Then,  cc’vbinlng  relationships 
9  and  10,  the  potential  capability  of  the  resource  service  in  acquiring 
data  E^  "  4,  9,  17  percent  In  damaged  areas. 

Weapons  Effects  Reporting  Stations  (WERS) .  Survival  of  the  effective 
WER  staff  (UPS)  is  judged  to  be  somewhat  better  (75,  80,  85  percent) 
than  that  of  the  services.  Because  the  WERs  rely  primarily  on  service 
communications,  the  survival  of  WER  communications  (UFC)  is  taken  equal 
to  that  of  the  services  and  the  importance  of  WER  communications  (AUFC) 
equal  to  that  of  the  police  and  resource  services.  The  relative 
effectiveness  of  the  WERs  is  taken  equal  to  that  of  the  police  service 
(10,  20,  30  percent).  Then,  combining  relationships  11  and  12,  the 
potential  capability  of  WERs,  E^  ■  5,  12,  20  percent  in  damaged  areas. 


These  individual  potential  capabilities  are  Independent  and 
redundant.  Therefore,  they  are  cooblned  probabilistically  as  in  relation¬ 
ship  13  to  find  E* ,  the  combined  potential  capability.  However,  the 
8 

achievement  of  these  levels  of  potential  capability  depends  also  on  tdiether 
and  how  well  the  operations  plans  treat  the  information  gathering  operation. 
It  is  judged  that  this  treatment  (PB)  would  be  from  90,  95,  100  percent  of 
fully  adequate  at  the  completion  of  program  D  Prime.  It  is  also  Judged  that 
the  effect  of  operations  plans  (APB)  would  be  significant  when  an  immediate 
remedial  movement  would  take  place  (in  the  first  day  after  the  attack): 

APB  ■  80,  75,  70  percent.  Then,  in  relationship  4, 

DZD  -  E^{1  -  APB(1  -  PB)},  and 

Risk 


In-Place 

Relocated 

Low 

Best 

Mgh 

Low 

Best 

MsIl 

E' 

s 

0.18 

0.41 

0.66 

0.14 

0.32 

0.53 

PB 

0.90 

0.95 

1.00 

0.90 

0.95 

1.00 

APB 

0.80 

0.75 

0.70 

0.80 

0.75 

0.70 

DZD 

0.17 

0.39 

0.66 

0.13 

0.31 

0.53 

Estimates  for  Early,  Delayed,  and  Emergence  Periods  (DZD) 

In  calculating  estimates  of  DZD  for  the  later  periods,  the  availability 
of  effective  organization  personnel  in  Host  and  NA  areas  is  substantially 
higher  than  in  Risk  areas  because  of  the  absence  of  damage.  In  addition,  the 
effectiveness  of  these  personnel  is  higher  because  the  later  time  after  attack 
affords  Increased  opportunity  to  organize  the  surviving  forces  and  to  obtain 
information.  Their  effectiveness  is  judged  higher  in  the  Risk  Relocated  areas 
than  in  the  In-Place  Risk  areas  because  the  reporting  personnel  (fire,  police, 
resource)  would  operate  from  the  undamaged  areas.  In  addition,  with  the 
passing  of  time  after  the  attack  and  the  stabilizing  of  conditions,  the 


effectiveness  of  the  more  mobile  elements  (police,  resources,  and  WER)  is 
Increased.  At  the  same  time,  the  need  for  operations  plans  (ZiPB)  decreases 
because  the  D&C  staff  can  prepare  action  plans  to  fit  prevailing  conditions 
The  changing  values  for  these  inputs  are  shoim  in  Table  6.3  together  with 
the  calculated  values  of  DZD  for  all  areas  in  the  early,  delayed,  and 
emergence  periods. 

Effectiveness  of  Remedial  Movement  -  Organized  (WG) 

Estimates  for  Immediate  Period  (WG) 

In  the  calculation  of  the  capability  of  the  CD  system  to  conduct  an 
organized  remedial  movement,  the  availability  of  trained  CD  personnel  to 
conduct  the  movement  (UGS')  at  the  completion  of  Program  D  Prime,  was  taken 
to  be  equal  to  WZS  in  the  calculation  of  DZD.  Because  survival  of  these 
personnel  was  accounted  for  in  WZS,  >  1.0.  It  is  judged  that  there  is  no 
Importance  in  exercise  of  shelter  staffs  for  a  remedial  movement  upon  leaving 
shelter  (API  •  0).  Therefore  WGS  >  WGS*.  Facilities  for  the  shelter  (warden) 
staff  are  estimated  to  survive  at  least  as  well  as  the  people  (WGF  *  1.0). 

EBS  is  judged  inappropriate  for  D&C  communications  of  system  Instructions, 
so  WGC  is  taken  equal  to  SFE  in  the  calculations  of  SO,  SP.  It  is  judged 
that  the  effect  of  communications  on  the  ability  to  conduct  an  organized 
remedial  movement  was  absolute  (AWCC  *  1.0).  Then  combining  relationships  3 
through  9,  WG'  -  WGS'{1  -  AWGC(1  -  WGC)}  and 

Risk 


In-Place 

Relocated 

Low 

Best 

High 

Low 

Best 

High 

WGS* 

0.43 

0.57 

0.70 

0.02 

0.05 

0.11 

WGC 

0.30 

0.37 

0.45 

0.10 

0.14 

0.20 

AW6C 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

WG' 

0.13 

0.21 

0.32 

0.01 

0.02 

The  support  for  the  organized  remedial  movement  is  treated  as  follows: 
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Table  G.3 

D&C  -  ACQUIRE  DATA  (DZD) 

Risk  Relocated  and 


Risk  In>Place 

Other  Areas 

PERIOD 

Low 

Best 

High 

Low 

Best 

High 

Early 

0.50 

0.60 

0.70 

0.60 

0.70 

0.80 

^2 

0.10 

0.15 

0.20 

0.10 

0.15 

0.20 

0.65 

0.70 

0.75 

0.85 

0.90 

0.95 

0.41 

0.61 

0.84 

0.02 

0.04 

0.06 

0.40 

0.50 

0.60 

0.60 

0.70 

0.80 

0.65 

0.70 

0.75 

0.85 

0.90 

0.95 

APB 

0.40 

0.35 

0.30 

0.15 

0.10 

0.05 

DZD 

0.60 

0.78 

0.91 

0.66 

0.87 

0.98 

Delayed 

^1 

0.50 

0.60 

0.70 

0.60 

0.70 

0.80 

0.10 

0.15 

0.20 

0.10 

0.15 

0.20 

0.80 

0.85 

0.90 

0.85 

0.90 

0.95 

^4 

0.41 

0.61 

0.84 

0.02 

0.04 

0.06 

>^5 

0.50 

0.60 

0.70 

0.60 

0.70 

0.80 

^4 

0.80 

0.85 

0.90 

0.85 

0.90 

0.95 

APB 

0.25 

0.20 

0.15 

0.15 

0.10 

0.05 

DZD 

0.71 

0.85 

0.93 

0.66 

0.87 

0.98 

Emergence 

‘'l 

0.50 

0.60 

0.70 

0.60 

0.70 

0.80 

K2 

0.10 

0.15 

0.20 

0.10 

0.15 

0.20 

0.85 

0.90 

0.95 

0.85 

0.90 

0.95 

^4 

0.41 

0.60 

0.84 

0.02 

0.04 

0.06 

0.60 

0.70 

0.80 

0.60 

0.70 

0.80 

^4 

0.85 

0.90 

0.95 

0.85 

0.90 

0.95 

APB 

0.15 

0.10 

0.05 

0.15 

0.10 

0.05 

DZD 

0.74 

0.89 

0.96 

0.66 

0.87 

0.98 
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•  Organization  Exercises  (PI,  API).  It  is  estimated  that  Program  D' 
would  accomplish  system  exercises  that  would  have  an  adequacy  of 
80,  85,  90  percent  at  program  completion.  On  the  other  hand,  it 
Is  judged  that  the  Importance  of  such  exercises  In  this  case  would 
be  relatively  low  (20,  25,  30  percent). 

•  Resource,  Transportation  (RE,  ARE).  It  is  estimated  that  because 
of  damage  and  the  difficulty  in  organizing  so  soon  after  the  attack, 
the  system  would  be  unable  to  supply  transport  (RE  >  0.0).  The 
Importance  of  transport  Is  judged  to  be  almost  absolute  (95,  98,  100 
percent) . 

•  Police,  Control  Movement  (LH,  ALH) .  The  fraction  of  the  population 
with  effective  police  for  guiding  this  remedial  movement  Is  estimated 
from  UD'  In  the  calculation  of  US  for  estimating  FPF.  The  population 
coverage  for  UD'  represents  the  availability  of  half  the  police  forces 
except  in  the  Relocated  areas  where  they  represent  only  those  police 
on  patrol  who  take  shelter  with  the  public  upon  warning.  In  the 
latter  case,  UD*  equals  LH  since  the  population  in  the  Relocated 
areas  would  have  no  other  police  In  shelter  with  them.  For  the 
In-place  mode  the  probable  existence  of  auxiliary  police  In  the 
shelters  must  be  added  because  their  principal  duty  would  be  to 
expedite  movement  to  shelter.  Current  planning  factors  suggest 

four  auxiliaries  for  each  regular  officer.  Therefore,  4  UD'  is  taken 
as  the  high  estimate  of  LH.  The  low  estimate  Is  half  the  goal  2  UD' 
and  the  best  estimate  midway  between,  3  UD' .  The  Importance  of  In- 
shelter  police  guidance  Is  judged  relatively  low  (25,  20,  15  percent) 
because  of  damage. 

e  Self-Help  RADEF  (UH,  AUH).  It  is  Judged  that  self-help  RADEF  (UH) 
would  contribute  no  support  to  an  organized  movement  at  this  time 
after  the  attack.  In  that  event,  the  adequacy  of  self-help  RADEF 
(AUH)  is  not  material. 
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Operations  Plans  (PB,  APB).  It  is  estimated  that  the  adequacy 
of  operational  planning  for  remedial  movement  (PB)  would  be  quite 
high  at  the  completion  of  Program  D  Prime  (85,  90,  95  percent). 

It  Is  judged  that  the  importance  of  operations  plans  (APB)  would 
be  fairly  high  (60,  50,  40  percent)  because  of  the  complexity  of 
coordinating  the  several  services  Involved.  Then,  In  relationship 
10,  the  capability  of  the  CD  organization  to  conduct  an  organized 
remedial  movement  Is  found  to  be  negligible  In  the  immediate  period : 


Low 

In-Place 

Best 

High 

Low 

Relocated 

Best 

High 

PI 

0.80 

0.85 

0.90 

0.80 

0.85 

0.90 

API 

0.30 

0.25 

0.20 

0.30 

0.25 

0.20 

RE 

- 

- 

- 

- 

- 

- 

ARE 

1.00 

0.98 

0.95 

1.00 

0.98 

0.95 

LH 

0.28 

0.60 

1.00 

- 

0.01 

0.02 

ALH 

0.25 

0.20 

0.15 

0.25 

0.20 

0.15 

DX 

0.17 

0.30 

0.35 

0.13 

0.30 

0.35 

AOX 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

PB 

0.85 

0.90 

0.95 

0.85 

0.90 

0.95 

APB 

0.60 

0.50 

0.40 

0.60 

0.50 

0.40 

WG 

0.01 

— 

Estimates  for  Early  Period  (WG) 

The  potential  capability  (WG')  Is  the  same  for  all  periods.  In  the 
early  period,  the  effect  of  organization  exercises  (API)  In  the  In-place  mode 
was  jiidged  to  be  much  greater  for  the  early  case  (80,  75,  70  percent)  than  for 
the  Immediate  case  (30,  25,  20  percent).  And  for  the  early  case  It  was  Judged 
that  there  would  be  some  capability  of  the  system  to  supply  transport 
(RE  ■  10,  15,  20  percent) .  Availability  of  police  (LH)  to  guide  the  movement 


in  the  Host  In-Place  and  N/A  areas  (14,  30,  56  percent),  is  judged  to  be 
half  that  of  the  Risk  In-Place  areas,  because  larger  places  normally  have 
a  higher  ratio  of  police  to  people.  Availability  of  police  in  Host  Relocated 
areas  is  Judged  to  be  proportionately  low  (5,  11,  21  percent)  because  the 
police  who  would  relocate  from  the  risk  areas  would  be  unfamiliar  with  the 
territory.  The  Importance  of  operations  plans  (APB)  on  organized  capability 
is  also  judged  high  (85,  80,  75  percent)  in  the  Risk  In-Place  mode.  When 
these  changes  are  Introduced,  the  capability  for  organized  remedial  movement 
in  the  early  period  is  found  to  be: 

Risk  Host  N/A 


In-Place  Relocated 


In-Place  Relocated 


Eatimates  for  Delayed  and  Emergence  Periods  (WG) 


The  Importance  of  having  had  system  exercises  (API)  is  judged  to  be  much  less 
in  the  Risk  In-Place  areas  (30,  25,  20  percent)  as  compared  to  80,  75,  70  percent 
in  the  early  period.  The  estimated  ability  of  the  system  to  provide  transportation 
for  the  people  (RE)  is  substantially  higher:  50,  60,  70  percent  in  the  In-Place 
and  N/A  areas,  and  even  higher  (85,  90,  95  percent)  in  the  Relocated  areas 
because  of  the  increased  availability  of  surviving  vehicles  in  the  Host  areas 
and  because  these  vehicles  could  be  made  available  for  movements  from  the  Risk 
Relocated  areas.  The  Importance  of  having  pre-emergency  operations  plans  (APB) 
is  judged  to  be  less  (60,  50,  40  percent)  in  the  Risk  areas,  the  same  as  in  the 
other  areas,  because  sufficient  time  would  have  passed  after  the  attack  to 
permit  the  organization  to  plan  Che  movement  Co  fit  the  current  conditions. 

When  these  changes  are  Introduced,  the  capability  for  organized  remedial  movement 
in  the  delayed  and  emergence  periods  is : 


RISK 

In-Place  Relocated 


HOST 

In-Place  Relocated 


N/A 


■Jit:*' 

.  ■  A. 
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(Best) 

0.03 

- 

0.38 

0.57 

0.38 

(Low) 

0.01 

0.18 

0.30 

0.19 

(High) 

0.08 

0.01 

0.65 

0.80 

0.64 

Effectiveness  of  Remedial  Movement  -  Shelter  Manager  (WJ) 

Estimates  for  the  Immediate  Period  (WJ) 

In  the  calculation  of  the  estimated  capability  of  trained  shelter  personnel 
to  conduct  a  remedial  movement  (WJ),  the  availability  of  trained  personnel  to 
conduct  the  movement  (WJ* )  'is  taken  to  be  the  same  as  for  an  organized  movement 
(WG')-  The  capability  of  police  to  guide  the  movement  (LH)  and  Its  importance 
(ALH)  are  taken  to  be  the  same  as  for  an  organized  movement.  The  shelter 
monitoring  capability  (US)  Is  taken  the  same  as  calculated  for  use  In  estimating 
FPF  and  Its  importance  (AUS)  Is  judged  fairly  low  (25,  20,  10  percent)  because 
of  the  likely  content  of  instructions  from  D&C  (preferred  destinations) .  The 
ability  to  receive  D&C  instructions  (SP)  Is  calculated  separately.  The 
Importance  of  D&C  instructions  (ASP)  is  judged  very  high  in  the  relocated  mode 
(99,  97,  95  percent)  and  high  (90,  80,  70  percent)  in  other  areas.  When  these 
estimates  and  judgements  are  applied,  the  net  capability  of  organization 
personnel  In  shelters  to  achieve  successful  remedial  movement  In  the  immediate 
period  Is  found  In  relationship  5, 

WJ  -  WJ'{1  -  AUS(1  -  US)}{1  -  ASP(1  -  SP)}{1  -  ALH(1  -  LH)},  and 

RISK 


Low 

In-Place 

Best 

High 

Low 

Relocated' 

Best 

High 

WJ’ 

0.43 

0.57 

0.70 

0.02 

0.05 

0.11 

LH 

0.28 

0.60 

1.00 

- 

0.01 

0.02 

ALH 

0.25 

0.20 

0.15 

0.25 

0.20 

0.15 

US 

0.41 

0.61 

0.84 

0.02 

0.04 

0.11 

AUS 

0.25 

0.20 

0.10 

0.25 

0.20 

0.10 

SP 

0.17 

0.40 

0.67 

0.11 

0.40 

0.53 

ASP 

0.90 

0.80 

0.70 

0.99 

0.97 

0.95 

WJ 

0.08 

0.25 

0.53 

0.01 

0.05 

Escimates  for  WJ  in  Che  later  periods  were  made  in  Che  same  manner  as 
for  Che  immediate,  caking  input  data  from  the  same  sources  for  comparable 
periods.  When  these  changes  are  introduced,  Che  values  of  WJ  for  Che  early, 
delayed,  and  emergence  periods  are: 


Period 


Risk 

In-Place  Relocated 


Host 

In-Place  Relocated 


(Best) 

0.39 

0.03 

0.75 

0.75 

0.75 

Early  (Low) 

0.18 

0.01 

0.57 

0.58 

0.55 

(High) 

0.64 

0.09 

0.91 

0.89 

0.91 

(Best) 

0.40 

0.03 

0.75 

0.75 

0.75 

Delayed  (Low) 

0.21 

0.01 

0.57 

0.58 

0.55 

(High) 

0.65 

0.07 

0.91 

0.89 

0.91 

(Best) 

0.41 

0.03 

0.75 

0.75 

0.75 

Emergence  (Low) 

0.21 

0.01 

0.59 

0.57 

0.53 

(High) 

0.67 

0.07 

0.91 

0.88 

0.91 

G.3  ESTIMATES  FOR  CURRENT  CAPABILITY  MAINTAINED 

The  following  changes  were 

made  in  the  inputs  for 

Che  Risk  areas  compared 

to  Chose  used  in  evaluating  Program  D  Prime. 

Input  changes  for  Host 

and  N/A 

areas  were  the  same  except  that 

no  allowances 

were  made 

for  damage. 

Estimates  of  Fractions 

in  Successful  Remedial 

Movement 

(F(X)R) 

Availability  of  competent  emergent  leaders  (OJ)  was  taken  one-half  of 
Chat  used  for  D  Prime  both  for  public  shelters  and  for  home  basements. 
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Shelter  RADEF  -  Emergent  (OU) 

The  availability  of  competent  emergent  monitors  (OU'}  was  taken  one- 
half  that  used  for  calculating  OU  In  estimating  FPF  In  the  estimates  for 
Program  D  Prime. 

D&C  -  Public  Information  (PS) 

The  best  estimate  of  D&C  staff  (DSS')  was  taken  from  IMIS-1970:  the 
ratio  of  the  available  EOC  Operations  Group  to  the  requirement.  The 
high  and  low  estimates  are  10  percent  greater  and  less  than  the  best. 

The  high  estimate  of  D&C  facilities  (DSF')  is  the  ratio  of  sum  of  completed 
EOCs  in  IMIS-1970  to  the  EOC  requirement.  The  low  estimate  is  the  ratio  of 
completed  EOCs  Meeting  Criteria  to  the  requirement. 

The  high  estlioate  of  EOC  links  to  EBS  stations  (DZC)  Is  the  ratio  of 
completed  EOC  Commo-Link  to  EBS  to  the  requirement  in  IMIS-1970.  The 
best  and  low  estimates  are  85  and  75  percent  of  the  high. 

It  Is  estimated  that  90  to  100  percent  of  the  population  is  covered  by 
EBS  (IE')  and  that  from  40  to  50  percent  (K^)  of  the  stations  would  survive 
an  attack.  The  adequacy  of  operations  plans  (PB)  was  taken  two-thirds  of  that 
used  for  D  Prime. 

D&C  -  Inform  System  (DX) 

The  high  estimate  for  D&C  communications  to  the  services  (DZC)  Is  the 
ratio  of  the  completed  EOC  Commo-Llnks  to  EBS  to  the  requirement  in  IMIS-1970, 
reduced  by  one-half  to  account  for  damage.  The  best  and  low  estimates  are  85 
and  75  percent  of  the  high  estimate  respectively.  The  adequacy  of  operations 
plans  for  postattack  system  communications  (PB)  was  taken  two-thirds  of  that 
used  for  D  Prime.  The  relative  abilities  of  emergent  leaders  and  organization 
personnel  to  understand  D&C  (K2  and  K^)  Instructions  were  taken  one-half  and 
two  thirds  respectively  of  those  used  for  D  Prime. 


The  high  estimate  of  fire  service  personnel  (FIS)  was  taken  from  IMIS-1970: 
the  ratio  of  the  total  available  to  the  total  requirements  for  Regular 
Firemen,  Siq>port  Assistants  .and  Kescue. -Personnel  reduced  by  a  factor - 
of  0.7  to  account  for  Injuries  due  to  the  attack.  The  best  and  low  estimates 
are  85  and  75  percent  of  the  high  reduced  by  factors  of  0.6  and  0.5 
respectively  to  account  for  Injuries. 

The  Information  capability  of  the  medical  service,  which  Is  practically 
zero  In  the  D  Prime  estimate  ,  was  omitted. 

The  high  estimate  of  policemen  (LIS)  was  also  taken  from  IMIS-1970: 
the  ratio  of  the  total  available  to  the  total  requirement  for  Regular 
Police  and  Auxllllary  Police,  reduced  by  one-half  to  account  for  police 
In  public  shelters  and  by  a  factor  of  0.7  to  account  for  Injuries.  The  best 
and  low  estimates  are  65  and  45  percent  of  the  high,  reduced  by  factors  of 
0.6  and  0.5  respectively  to  account  for  injuries. 

The  estimates  of  warden  staff  (WZS)  were  obtained  by  probabilistically 
combining  the  estimates  of  UB;  WP',  and  UD*  in  the  US  calculation  reduced  by 
factors  of  0.5  for  the  low,  0.6  for  the  best,  and  0.7  for  the  high  estimate 
of  WZS  to  account  for  Injuries. 

The  availability  of  resource  staff  (RFS)  was  taken  the  same  as  of  fire 
service  personnel. 

The  high  estimate  of  surviving  WERs  was  taken  as  0.7  times  the  ratio 
of  completed  Fixed  FADEF  Monitoring  Stations  to  the  requirement  in  IMIS-1970. 
The  best  and  low  estimates  are  85  and  75  percent  of  the  high  reduced  by  factors 
of  0.6  and  0.5  respectively  to  account  for  damage. 

The  adequacy  of  operations  plans  (PB)  for  the  data  reporting  operation 
was  taken  one -half  of  that  for  D  Prime. 


>  ■’ 
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Effectiveness  of  Remedial  ^tovement  -  Organized  (WG) 

The  availability  of  competent  CD  organization  personnel  to  conduct  the 
remedial  movement  (WG')  was  taken  equal  to  WJ*.  The  adequacy  of  organization 
exercise  (FI)  was  taken  to  be  one-half  of  that  used  for  D  Prime.  The  availability 
of  police  (LH)  Is  the  same  as  for  WJ.  The  adequacy  of  operations  plans  for 
organized  remedial  movement  (PB)  was  taken  about  one-half  of  that  used  for 
D  Prime. 

Effectiveness  of  Remedial  Movement  -  Shelter  Manager  (WJ) 

The  availability  of  CD  organization  personnel  (WJ)  for  conducting  a 
shelter-based  remedial  movement  was  taken  equal  to  WZS  In  the  DZD  calculation. 

The  availability  of  police  (LH)  was  taken  four  times  UD'  In  the  calculation 
of  US  for  FPF.  Adequacy  of  shelter  RADEF  (US)  was  taken  from  the  FPF 
calculation. 

G.4  COMPARISON  OF  RESULTS 

As  a  result  of  these  modifications  In  the  Inputs,  the  values  of  F(X)R 
for  the  In-Place  mode  Current  Capability  Maintained,  as  compared  to  those 
found  for  Program  D  Prime,  are  as  shown  In  Table  G.4. 


Table  6.4 


FRACTION  IN  SUCCESSFUL  REMEDIAL  MOVEMENT  (F(X)R) 


In-Place  Mode 


Period 

Risk  Areas 

Other  Areas 

Code 

Low 

Best 

High 

Low 

Best  j 

PROGRAM  D 

PRIME 

Immediate 

FFR,  FRR  (public) 

0.03 

0.13 

0.30 

(home) 

0.01 

0.05 

0.12 

Early 

FWR,  FRR  (public) 

0.08 

0.21 

0.40 

0.42 

0.65  1 

(home) 

0.04 

0.11 

0.21 

0.10 

0.22  1 

Delayed 

FVR  (public) 

0.10 

0.22 

0.41 

0.56 

0.78  ( 

Emeritence 

FER  (public) 

0.10 

0.22 

0.43 

0.56 

0.78  1 

(home) 

0.05 

0.13 

0.22 

0.20 

0.37  ( 

Immediate 

FFR,  FRR  (public) 


CURRENT  CAPABILITY  MAINTAINED 

0.01  0.02  0.09 


Appendix  H 

RATIONALE  FOR  SHELTER  ALLOCATION  (FA) 


RATIONALE  FOR  SHELTER  ALLOCATION  (FA) 


H.l  Introduction 

A  key  Input  to  the  casualty  assessment  model  Is  the  fraction  of  the 
population  assigned  to  the  various  shelter  classes  discussed  In  Appendix  I. 

Such  an  assignment  for  Risk,  Host,  and  Neither  areas  constitutes  a  shelter 
posture.  For  the  In-place  mode,  the  shelter  posture  represents  the  aggregate 
of  community  shelter  plans  (CSP)  .  For  the  relocated  mode,  the  shelter  posture 
represents  the  CSP  In  Neither  areas,  the  crisis  relocation  shelter  plans  (CRS) 
In  Host  areas,  and  an  estimate  of  stay-put  behavior  In  Risk  arc''s.  The  shelter 
postures  for  Program  D  Prime  are  based  on  the  use  of  best  available  shelter  In 
existing  structures,  augmented  by  upgraded  fallout  protection  for  Host  areas 
and  upgraded  blast  protection  for  key  workers  In  Risk  areas. 

The  ability  to  model  the  shelter  assignments  that  would  result  from 
CSPs  and  CRSs  after  completion  of  Program  D  Prime  (and  assuming  a  week  of  surge 
activity  during  a  crisis)  Is  limited  by  the  ability  to  project  the  evolution 
of  civil  defense  policy  and  procedures  over  a  seven-year  period,  the  need  to 
estimate  shelter  production  performance  In  a  crisis,  limitations  In  the  nation¬ 
wide  data  base  available  today,  and  the  requirement  to  match  people  to  shelter 
In  a  way  that  approximates  the  planning  factors  that  will  be  used  In  actual 
shelter  assignments.  The  data  base  available  Is  the  current  National  Shelter 
Survey  (NSS)  Inventory.  A  computer  program  (TENOS)  also  exists  for  assigning 
shelter  space  from  this  Inventory  to  unit  areas  In  the  country  and  for  matching 
the  population  In  these  unit  areas  to  the  available  shelter  In  accordance  with 
specified  rules.  The  population  data  base  Is  the  1975  population,  which  Is 
appropriate  to  the  NSS  Inventory  data. 


The  basic  rationale  of  the  estimates  of  FA^,  the  fraction  of  the 
population  assigned  to  the  various  shelter  classes,  i,  is  to  begin  with  three 
allocations  using  the  NSS  inventory  and  then  to  construct  estimated  allocations 
by  reference  to  certain  other  data  and  a  concept  of  relative  shelter  availability. 

H.2  Allocation  Procedure 

The  allocation  is  performed  on  unit  areas  chat  are  2  minutes  of  latitude 
and  longitude  on  a  side  (approximately  2  miles  on  a  side)  in  Risk  areas  and  10 
minutes  on  a  side  in  Host  and  Neither  areas.  The  population  in  each  unit  area  is 
constrained  to  use  of  the  shelter  available  in  the  unit  area.  This  is  generally 
consistent  with  shelter  allocation  planning  factors  that  would  limit  movement 
distances  to  about  a  mile  in  Risk  areas  and  5  miles  in  non-Rlsk  areas.  The 
shelter  available  consists  of  facilities  taken  up  in  the  NSS  inventory  records 
that  have  shelter  space  for  at  least  SO  persons  having  a  protection  factor  of 
at  least  40.  Each  facility  record  identifies  the  "Standard  Location"  of  the 
facility.  The  spaces  in  the  facility  are  assigned  to  the  unit  area  containing 
Che  latitude  and  longitude  of  the  centroid  of  the  Standard  Location. 

As  each  such  facility  is  considered,  it  is  determined  whether  it  is  a 
special  facility.  If  so,  it  is  Identified  as  Class  A  space  (mines,  caves, 
and  tunnels).  If  not,  it  is  determined  whether  there  is  basement  space. 

Basement  spaces  are  assigned  two-thirds  to  Class  B/C  and  one-third  to  Class 
G/H/I.  This  partition  is  based  on  a  DCFA  analysis  of  the  direct-effects 
protection  afforded  by  a  small  sample  of  NSS  facilities.  Above-ground  NSS  spaces 
are  partitioned  between  Classes  E/F  and  G/H/I  in  the  ratio  of  approximately 
0.45  to  0.55,  based  on  the  same  analysis. 

The  population  in  each  unit  area  is  assigned  to  the  available  shelter 
according  to  priority  rules  Chat  differ  in  Risk  and  Host  areas.  In  Risk  areas, 
the  priority  of  use  is  according  to  direct-effects  resistance.  Hence,  Class 
A  spaces  are  used  first,  then  Class  B/C  spaces.  If  there  are  unsheltered 
persons  in  the  unit  area,  they  are  then  assigned  to  home  basements  in  the  same 
proportion  as  the  fraction  of  homes  with  basements  in  the  State  within  which  the 
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unit  area  lies.  The  residual  unsheltered  population  Is  then  assigned  to 
Class  E/F.  Finally,  G/H/I  space  is  used  as  necessary.  In  unit  areas  where 
the  NSS  space  and  home  basements  are  exhausted  before  the  population  Is 
completely  sheltered,  the  residual  population  Is  Identified  as  At  Random. 

In  the  Host  areas,  assignment  is  based  on  the  degree  of  fallout 
protection.  Thus,  all  of  the  NSS  space  Is  used  before  a  portion  of  the  residual 
population  Is  assigned  to  home  basements.  The  same  rule  Is  used  In  Neither  areas. 

It  can  be  seen  from  this  description  of  the  detailed  allocation 
procedure  that  In  the  aggregate  not  all  available  shelter  can  be  used.  Only  In 
unit  areas  having  a  shelter  deficit  will  this  occur  and,  even  here,  some  home 
basements  will  not  be  occupied  by  those  who  have  been  assigned  to  higher-grade 
public  shelter.  Therefore,  estimates  of  future  shelter  availability  cannot  be 
used  directly  but  only  through  the  allocation  process.  The  process,  however, 
requires  knowledge  of  geographical  location  of  shelter  that  is  unavailable 
except  by  gross  assumption.  Hence,  the  estimates  of  FA  for  Program  D  Prime 
have  been  derived  by  a  relatively  simple  procedure  that  exploits  the  allocation 
Information  currently  available. 

H.3  Relative  Availability  Allocation  Scheme 

The  concept  of  relative  shelter  availability  Is  based  on  the  fact  that 
the  fraction  of  the  population  assigned  to  the  several  shelter  classes  In  a  unit 
area  by  the  procedure  Just  described  Is  determined  by  the  availability  of  shelter 
relative  to  the  unit-area  population.  That  is,  doubling  both  the  amount  of 
shelter  available  and  the  population  competing  for  It  results  £n  exactly  the 
same  assignment  fractions  as  before  the  doubling  occurred.  Moreover,  halving 
the  population  competing  for  a  certain  shelter  availability  Is  equivalent  to 
doubling  the  shelter  availability  for  the  original  population.  The  same 
allocation,  FA^,  results. 
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Table  H-1  exhibits  the  shelter  allocation  obtained  using  the  current 
NSS  inventory  file  and  the  assumption  that  10  percent  of  the  population  of 
each  Risk  unit  area  has  moved  to  Host  unit  areas.  Risk,  Host,  and  Neither 
areas  are  as  defined  in  DCPA  TR-82.*  Table  H-2  shows  the  allocation  using 
the  current  inventory  and  the  assumption  that  80  percent  of  the  Risk  population 
has  relocated  to  Host  areas.  In  both  cases,  that  part  of  the  Risk  population 
relocated  to  Host  areas  is  assigned  to  Host  unit  areas  in  proportion  to  the 
resident  population  of  these  areas.  It  can  be  seen  that  the  Risk  population 
of  124.07  millions  in  Table  H-1  (90  percent  of  the  original  Risk  population) 
is  4.5  times  as  great  as  the  27.56  million  shown  in  Table  H-2  (20  percent 
of  the  original  Risk  population) .  According  to  the  concept  of  relative  shelter 
availability,  the  Risk  allocation  in  Table  H-2  is  the  same  as  one  in  which  the  | 

shelter  spaces  in  each  shelter  class  are  increased  by  a  factor  of  4.5  for  the 

124.07  million  population  of  Table  H-1.  Thus,  if  the  Risk  allocation  of  Table 

H-1  is  assigned  a  relative  availability  of  unity,  the  Risk  allocation  of  Table 

H-2  would  have  a  relative  availability  index  of  4.5.  This  relationship  is  shown 
in  Figure  H-1,  in  which  the  data  of  Table  H-1  are  plotted  at  an  index  of  1  and 
the  data  of  Table  H-2  are  plotted  at  an  index  of  4.5. 

Table  H-3  provides  a  third  allocation  for  the  same  conditions  as  Table  H-1 
except  that  belowground  space  (Classes  A,  B/C,  and  part  of  G/H/I)  has  been 
Increased  by  a  factor  of  1.85.  The  reason  for  this  adjustment  is  that  all  below¬ 
ground  spaces  in  the  NSS  Inventory  have  been  reduced  from  what  would  be  available 
at  the  normal  allocation  of  10  square  feet  per  person  (0.93  square  meters  per 
person)  to  account  for  ventilation  limitations,  assuming  complete  loss  of 
commercial  electric  power.  This  reduction  is  incompatible  with  the  POPDEF  model, 
which  accounts  explicitly  for  casualties  among  those  forced  out  of  shelter  by 
inadequate  ventilation.  Horeover,  the  ventilation  reduction  does  not  permit  the 

* 
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TABLE  H-1 


CURRENT  SHELTER  ALLOCATIONS 
(10  Percent  Spontaneous  Evacuation) 


Fraction  of  Population 


Shelter  Class 

Risk 

Host 

Neither 

A 

0.030 

0.031 

0.006 

B/C 

0.202 

0.136 

0.117 

D 

0.403 

0.288 

0.583 

E/F 

0.054 

0.036 

0.040 

G/H/I 

0.034 

0.120 

0.114 

At  Random 

0.277 

0.389 

0.140 

1.000 

1.000 

1.000 

197S  Population 
(Millions) 

124.7 

84.97 

2.75 

TABLE  H-2 


CURRENT  SHELTER  ALLOCATIONS 
(80  Percent  Crisis  Relocation) 


Fraction  of  Population 


Shelter  Class 

Risk 

Host 

Neither 

A 

0.077 

0.018 

0.006 

B/C 

0.389 

0.067 

0.117 

D 

0.267 

0.167 

0.583 

E/F 

0.035 

0.027 

0.040 

G/H/I 

0.018 

0.071 

0.114 

At  Random 

0.214 

0.650 

0.140 

1.000 

1.000 

1.000 

1975  Population 
(Millions) 


27.56 


181.15 


2.75 


FIGURE  H-1  SHELTER  ASSIGNMENT  VS.  RELATIVE  AVAILABILITY 

(TR-82  RISK  AREAS) 
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TABLE  H-3 


SHELTER  ALLOCATION  WITH  NO  VENTILATION  REDUCTION 

(10  Percent  Spontaneous  Evacuation  and  Below-Ground 
Space  Increased  By  1.85  Factor) 


Fraction 

of  Population 

Shelter  Class 

Risk 

Host 

Neither 

A 

0.046 

0.045 

0.010 

B/C 

0.283 

0.293 

0.267 

D 

0.340 

0.233 

0.499 

E/F 

0.038 

0.022 

0.028 

G/H/I 

0.026 

0.065 

0.071 

At  Random 

0.267 

0.342 

0.125 

1.000 

1.000 

1.000 
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assessment  to  account  for  the  stocking  of  ventilation  devices,  vhlch  Is  a 
feature  of  Program  D  Prime.  The  amount  by  which  the  space  In  belowground 
categories  is  undercounted  varies  with  the  climatic  region  of  the  country. 

Data  for  about  20  percent  of  the  NSS  inventory  for  which  an  all-effects 
survey  has  been  completed  show  that  the  recjulred  expansion  factor  varies 
from  about  1.45  In  the  northern  tier  of  States  to  about  1.97  In  Texas.  Nation¬ 
wide,  the  expansion  factor  has  been  found  to  be  1.85,  which  has  been  used  In 
Table  H-3.  The  resulting  Risk  allocation  has  been  Introduced  Into  Figure  H-1 
at  an  Index  of  1.85  for  the  first  three  priority  classes  —  A,  B/C,  and  home 
basements.  For  the  public  shelter  classes,  curves  through  the  assignment 
points  must  pass  through  the  origin,  since  no  population  fraction  can  be 
assigned  where  there  is  no  availability  of  shelter.  (For  home  basements, 
the  zero  ordinate  Is  the  fraction  of  the  Risk  population  having  a  home 
basement. ) 

The  best-fit  equations  for  the  two  highest  categories  of  space  are: 


Class 

A: 

y  -  3.052 

r^  -  0.998 

Class 

B/C: 

y  -  20.796 

r^  «  0.985 

where  y  is  the  percent  assigned  and  x  Is  the  relative  availability  Index.  The 
next  category  allocated  In  Risk  areas  are  home  basements  (Class  D) ,  which  do 
not  expand  in  availability  but  are  allocated  to  the  fraction  of  those  unasslgned 
after  allocation  of  A  and  B/C  space  who  have  homes  with  basements.  There  Is 
an  exponential  decrease  In  the  percent  assigned  to  home  basements  as  greater 
amounts  of  A  and  B/C  space  become  available  for  allocation.  The  best-fit 
equation  is:  y  •  52.4  r  *0.85  where  y  is  the  percentage  assigned 

to  home  basements  and  x  Is  the  availability  index  for  A  and  B/C  shelter  space. 

The  allocation  of  classes  E/F  and  G/H/I  decreases  as  shelter 
availability  Increases  (Table  H-1  versus  Table  H-2)  because  the  residual 
population  to  be  allocated  decreases  rapidly  as  the  availability  of  better 
shelter  Increases.  Moreover,  the  aboveground  space  Is  preferentially  located 


in  the  same  unit  areas  as  the  Class  B/C  space.  In  Table  H-3,  the  E/F 
space  has  not  been  Increased  and  only  about  25  percent  of  the  G/H/1  space 
has  had  a  1.85  expansion.  Hence,  the  data  cannot  be  located  in  a  meaningful 
way  in  Figure  H-1  for  these  classes.  Fortunately,  only  a  small  fraction  of 
the  population  is  assigned  to  these  kinds  of  shelter.  For  completeness,  the 
data  from  Tables  H-1  and  H-2  have  been  connected  by  straight  lines  to  Indicate 
the  approximate  variation  with  relative  shelter  availability. 

The  equivalent  analysis  for  Host  areas  is  shown  in  Figure  H-2.  Here, 
the  unit  index,  the  situation  of  least  shelter  availability,  is  that  given  in 
Table  H-2,  where  the  host  population,  augmented  by  the  relocated  risk  population 
all  compete  for  the  available  NSS  space.  The  next  higher  relative  availability 
is  the  situation  of  Table  H-1,  in  which  only  the  host  population  competes  for 
the  available  space.  The  ratio  of  the  population  is  181.15/84.97  or  2.13. 

The  data  of  Table  H-1  is  shown  at  this  index.  In  Table  H-3,  the  Class  A  space 
has  been  expanded  by  a  factor  of  1.85  for  the  host  population.  Multiplying  by 
the  factor  2.13  gives  a  relative  availability  of  3.94  for  this  category.  The 
best-fit  equation  is: 

y  =  1.94  r^  =  0.962 

If  the  Host  and  Neither  columns  of  Table  H-3  are  compared  with  the 
corresponding  columns  of  Table  H-1,  it  can  be  seen  that  the  allocation  of 
Class  B/C  space  increases  by  more  than  a  factor  of  two;  from  13.6  percent  to 
29.3  percent  in  Host  areas,  and  from  11.7  percent  to  26.7  percent  in  Neither 
areas.  The  reason  for  this  anomaly  is  that  in  these  areas  the  B/C  spaces  and 
the  basement  space  in  Class  G/H/I  were  lumped  together  for  expansion  purposes 
and  are  all  shown  as  B/C  space.  (This  is  a  valid  procedure  in  Host  and 
Neither  areas  since  the  differing  blast  resistance  is  of  little  significance 
for  the  attacks  being  considered.)  In  effect,  the  Class  B/C  space  of  Table  H-1 
has  been  multiplied  by  1.5  to  include  the  Class  G  space  and  then  by  1.85,  a 
total  multiplier  of  2.78.  Therefore,  the  correct  relative  availability  index 
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is  2.13  X  2.78  or  5.91,  as  shown  in  Figure  H-2.  The  best-fit  equation  for 
Class  B/C  space  is: 


y  ■  6.9  X 


0.826 


0.996 


where  y  is  the  percent  assigned  and  x  is  the  relative  availability  index. 

This  equation  predicts  an  assignment  of  21.4  percent  of  the  Host 
population  at  a  relative  index  of  3.94,  the  case  where  B/C  space  is  expanded 
by  a  factor  of  1.85.  The  difference  between  this  estimate  and  the  value  of 
29.3  percent  in  Table  H-3,  7.9  percent,  can  be  attributed  to  the  allocation 
of  population  to  the  expanded  Class  G  space.  The  Table  H-3  value  of  6.5  percent 
for  Class  G/H/I  represents  only  the  assignment  to  the  unexpended  H  and  I  space. 
The  combined  allocation  would  be  6.5  +  7.9  “  14.4  percent  for  Class  G/H/I, 
somewhat  greater  than  the  unexpended  value  in  Table  H-1. 

As  in  the  Risk  areas,  the  allocations  for  the  shelter  classes  other 
than  A  and  B/C  are  complex  in  that  the  residual  populations  to  be  allocated  are 
smaller  as  the  availability  of  better  shelter  Increases,  the  aboveground  spaces 
are  not  expanded  in  Table  H-3,  and  home  basements,  which  are  allocated  last  in 
the  Host  and  Neither  areas,  are  available  only  to  residents  of  these  areas. 

Hence,  the  trends  for  these  categories,  shown  as  straight  lines  in  Figure  H-2, 
show  an  initial  growth  in  assignment  and  then  a  decline  or  peaking  out. 

Similar  relationships  for  the  Neither  areas  are  shown  in  Figure  H-3. 
Since  the  allocations  in  the  Neither  areas  do  not  change  with  crisis  relocation, 
data  are  available  only  for  the  normal  availability  and  with  belowground  spaces 
expanded  by  a  factor  of  1.85.  For  the  B/C  space,  the  expansion  factor  is  2.78, 
as  discussed  earlier.  The  best-fit  equations  are  similar  to  those  in  the  Host 
areas.  When  the  B/C  equation  is  evaluated  at  a  relative  availability  of  1.85, 
a  value  of  19.3  percent  of  the  population  is  obtained,  indicating  that  7.4 
percent  of  the  population  was  actually  assigned  to  the  expanded  Class  G  space. 

The  amount  has  been  added  to  the  Class  G/H/I  space  of  Table  H-3  to  obtain  the 
point  shown  on  Figure  H-3.  The  dashed  straight  lines  are  approximations  in  which 
only  25  percent  of  the  G/H/I  space  has  been  expanded  and  none  of  the  Class  D  or 
Class  E/F  space. 


FinURE  H-3  SHELTER  ASSIGNMENT  VS.  RELATIVE  AVAILABILITY 
(TR-82  NEITHER  AREAS) 
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H.4  Program  D  Prime  Best  Estimate 

The  relationships  discussed  above  have  been  used  to  generate  best, 
high,  and  low  estimates  of  FA^  at  the  completion  of  Program  D  Prime.  These 
estimates  have  been  made  for  an  In-place  posture  (spontaneous  evacuation  only) 
and  a  relocated  posture.  Since  the  variability  of  FCR  Is  sampled  in  MCPOPDEF 
Independently  of  the  variability  of  FA,  the  In-place  posture  assumes  the  best 
FCR  estimate  of  27  percent  and  the  relocated  posture  assumes  the  best  FCR 
estimate  of  77  percent. 

The  best  shelter  allocation  for  the  In-place  mode  Is  shown  In 
Table  H-4.  It  was  constructed  In  the  following  way.  In  Risk  areas.  Program  D 
Prime  plans  to  provide  high-performance  shelter  (Class  Y)  for  key  workers  who 
are  on  shift  at  time  of  attack.  The  best  estimate  of  the  number  of  key  workers 
Is  that  they  comprise  3  percent  of  the  Risk  population  (see  Appendix  B) .  It 
was  judged  that  only  half  of  this  shelter  would  be  available  prior  to  a 
relocation  order.  However,  only  73  percent  of  the  Risk  population  remains  in 
the  Risk  areas,  so  the  percent  assigned  to  Class  Y  shelter  Is  1.5/0.73  or  2.1 
percent.  The  remaining  population  Is  assigned  to  the  other  classes.  The  next 
assumption  Is  that  the  amount  of  spontaneous  evacuation  would  be  unknown  and  that, 
in  any  event,  the  CSP  Instructions  would  not  be  altered  by  the  exodus.  However, 
no  crisis  shelter  production  Is  planned  for  the  Risk  areas  and  Table  H-1  shows 
a  substantial  shortage  of  shelter.  Hence,  It  Is  assumed  that  available  public 
shelter  Is  crowded  to  6  square  feet  per  person.  The  expansion  factors  for  Class  A 
shelter  are  1.85  to  correct  for  the  ventilation  reduction  and  1.67  for  crowding, 
or  a  total  relative  availability  of  3.09.  (If  the  allocation  had  been  optimized 
for  a  27  percent  spontaneous  evacuation,  the  relative  availability  would  be  3.81.) 
Evaluating  the  Class  A  utilization  equation  for  a  relative  availability  of  3.09 
gives  6.2  percent  assigned.  The  same  relative  availability  applies  to  Class  B/C 
shelter  and  yields  an  estimated  assignment  of  33.7  percent.  The  assignments  to 
the  other  classes  are  estimated  from  Figure  H-1  at  a  relative  availability  of 
3.09.  The  residual  population  after  assignment  to  best  available  shelter  Is 
21.3  percent. 
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TABLE  H-4 

BEST  SHELTER  ALLOCATION,  PROGRAM  D  PRIME 
(27  Percent  Spontaneous  Evacuation) 


Shelter  Class 

Risk 

A 

0.062 

B/C 

0.337 

D 

0.295 

E/F 

0.049 

G/H/1 

0.023 

Y 

0.021 

XU 

- 

At  Random 

0.213 

1.000 


Fraction  of  Population 


Host 

Neither 

0.046 

0.010 

0.233 

0.267 

0.220 

0.499 

0.020 

0.028 

0.144 

0.071 

0.337 

0.125 

- 

- 

1.000  1.000 
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For  the  Host  areas.  Figure  H-2  and  Its  equations  are  used.  The 
base  case  (relative  availability  equals  one)  assumes  an  80  percent  relocation. 
Adjusting  for  a  27  percent  relocation  gives  a  relative  availability  of  1.67. 

The  ventilation  adjustment  is  1.85.  In  addition,  analysis  of  the  Host  Area 
Survey  completed  to  date  Indicates  that  completion  of  this  survey  in  Program 
D  Prime  would  expand  the  availability  of  public  shelter  by  a  factor  of  1.4. 

The  total  expansion  factor  is  4.33.  The  values  in  the  Host  column  of  Table  H-4 
are  drawn  from  Figure  H-2  for  this  relative  availability.  The  third  of  the 
Host-area  population  not  assigned  to  the  projected  available  shelter  Is  assigned 
to  upgraded  fallout  shelter.  Class  XU.  It  Is  estimated  that  such  shelter  would 
be  available  at  the  end  of  the  surge  period  as  It  represents  only  a  third  of 
the  total  planned  for  upgrading  in  Program  D  Prime. 

In  the  Neither  areas,  the  "best  estimate"  assumes  only  the  correction 
for  the  ventilation  reduction  and  production  of  upgraded  shelter  for  the  small 
unsheltered  population.  Therefore,  the  data  in  Table  H-3  are  used,  substituting 
Class  XU  for  the  At  Random  category.  The  Neither  area  estimates  are  the  same 
In  Tables  H-4  and  H-5. 

The  relocated  posture  (Table  H-5)  is  based  on  the  "best"  estimate  of 
FCR  for  a  directed  relocation;  namely,  77  percent.  This  result  Is  so  close  to 
the  80  percent  used  In  the  allocation  procedure  that  little  adjustment  is 
necessary.  The  key  workers  In  the  Risk  area  are  estimated  to  be  3  percent  of 
the  original  population  or  13  percent  of  the  residual  population.  The  87  percent 
who  are  stay-puts  are  assigned  to  the  same  proportions  as  In  the  In-place  posture 
(no  change  in  CSP);  for  example,  the  value  of  0.054  shown  for  Class  A  Is  87 
percent  of  the  value  shown  In  Table  H-4.  For  the  Host  areas,  estimates  from 
Figure  H-2  are  used.  The  base  case  Is  for  an  80  percent  relocation.  The 
adjustment  for  a  77  percent  relocation  is  181.15/177.33  >  1.02.  In  addition, 
expansion  factors  of  1.85  for  ventilation  correction  and  1.4  for  completion  of 
the  Host  Area  Survey  are  assumed.  The  total  expansion  factor  Is  2.65. 
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TABLE  H-5 


BEST  SHELTER  ALLOCATION,  PROGRAM  D  PRIME 
(77  Percent  Crisis  Relocation) 


Shelter  Class  Risk 

A  0.054 

B/C  0.293 

D  0.256 

E/F  0.043 

G/H/I  0.020 

Y  0.130 

XU 

At  Random  0 . 204 


Fraction  of  Population 


Host 

Neither 

0.034 

0.010 

0.155 

0.267 

0.135 

0.499 

0.030 

0.028 

0.101 

0.071 

0.545 

0.125 

1.000 


1.000 


1.000 


Accordingly,  the  Class  A  value  Is  0.034  and  the  B/C  value  Is  0.155.  For  Class 
E/F,  the  expansion  factor  is  1.02  x  1.4  or  1.43,  for  which  the  assignment  is 
0.030.  For  Class  G/H/1,  the  total  expansion  factor  is  1.73,  made  up  of  1.02 
for  relocation  adjustment,  1.4  for  completion  of  the  Host  Area  Survey,  and 
1.21  for  the  ventilation  correction  in  the  25  percent  of  the  spaces  that  are 
below  ground.  The  linear  estimate  is  10.1  percent  assigned.  After  these 
assignments,  64.8  percent  of  the  population  are  still  unasslgned.  This 
fraction  of  the  resident  host  population  (71.18  millions)  has  a  basement 
fraction  of  52  percent,  yielding  23.98  millions  in  home  basements  or  13.5 
percent  of  the  total  population.  The  unsheltered  fraction  (54.5  percent) 
will  have  upgraded  shelter  available  at  the  end  of  the  relocation  period  with 
high  confidence  in  good  weather  since  crowding  can  cover  substantial  short¬ 
falls  where  these  occur. 


H. 5  Program  D  Prime  High  Estimates 

The  high  estimates  for  the  in-place  and  relocated  postures  are  shown 
in  Tables  H-6  and  H-7.  These  estimates  represent  modifications  of  the  best 
estimates  to  reflect  a  more  optimistic  view  of  the  learning  process  and 
consequent  policy  changes  in  the  course  of  deployment  of  Program  D  Prime. 

One  potential  improvement  in  the  shelter  postures  lies  in  the  more 
aggressive  use  of  suitable  mine  space.  Class  A  space,  especially  in  mines, 
is  grossly  undercounted  in  the  NSS  Inventory,  both  in  the  number  of  mines  in 
Inventory  and  in  the  usable  space  attributed  to  those  in  the  Inventory.  A 
1962  study*  of  mine  space  in  Missouri  contains  data  on  13  mines  in  the  NSS 
Inventory.  These  were  found  capable  of  sheltering  2,400,000  people  at  10 
square  feet  per  person.  In  the  NSS,  these  same  mines  are  listed  as  containing 


Missouri  Underground  Shelter  Space;  A  Fallout  Shelter  Survey  of  Mines  and 
Caves  in  Missouri  by  Missouri  Civil  Defense  Agency  (January  1962) . 


p.tk.  k 


IT 


H-19 


TABLE  H-6 


HIGH. SHELTER  ALLOCATION,  PROGRAM  D  PRIME 
(27  Percent  Spontaneous  Evacuation) 


Fraction  of  Population 


Iter  Class 

Risk 

Host 

Neit’.  ar 

A 

0.102 

0.083 

0.029 

B/C 

0.283 

0.356 

0.384 

D 

0.312 

0.155 

- 

E/F 

0.038 

0.020 

- 

G/H/I 

0.026 

0.144 

0.100 

Y 

0.034 

- 

- 

XU 

- 

0.242 

- 

XE 

0.205 

0.487 

1.000 


1.000 


1.000 


I 


... 
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TABLE  H-7 

HIGH  SHELTER  ALLOCATION,  PROGRAM  D  PRIME 
(77  Percent  Crisis  Evacuation) 

Fraction  of  Population 


alter  Class 

Risk 

Host 

Neither 

A 

0.080 

0.061 

0.029 

B/C 

0.222 

0.236 

0.384 

D 

0.244 

- 

- 

E/F 

0.030 

0.020 

- 

G/H/I 

0.020 

0.145 

0.100 

Y 

0.217 

- 

- 

XU 

- 

0.538 

- 

XE 

0.187 

- 

0.487 

1.000 

1.000 

1.000 
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327,000  spaces,  or  14  percent  of  the  actual  space.  Only  a  small  fraction  of 
the  100  mines  in  Missouri  are  carried  in  the  NSS  inventory.  Based  on  this 
sample,  it  is  judged  that  the  available  space  in  mines  could  be  increased  by 
at  least  a  factor  of  seven  by  greater  survey  emphasis  both  in  recording 
suitable  mines  and  accounting  more  fully  for  Che  available  space. 

A  second  reasonable  policy  decision  would  be  to  enlarge  the  scope 
of  the  Host  Area  Survey  to  Include  the  Neither  areas.  The  relatively  small 
population  in  these  areas  should  not  add  significantly  to  the  survey  cost. 

Finally,  a  possible  development  in  the  deployment  of  Program  D  Prime 
would  be  to  recognize  the  need  to  strengthen  the  shelter  posture  in  the  Risk 
and  Neither  areas  by  planning  for  crisis  production  of  expedient  trench-type 
shelters  in  these  areas,  at  least  for  chose  without  a  shelter  assignment. 

The  construction  of  such  shelters,  perhaps  by  individual  families  as  in  recent 
experiments,  would  parallel  the  production  of  upgraded  fallout  shelter  in  Che 
Host  and  Neither  areas  and  make  the  crisis  production  of  key-worker  shelter 
in  Risk  areas  more  credible. 

On  Che  basis  of  Che  above,  the  principal  assumptions  for  Che  high 
estimates  are  (1)  that  a  resurvey  of  Class  A  mine  space  will  increase  the 
relative  availability  by  a  factor  of  7,  (2)  that  the  Host  Area  Survey  will  be 
conducted  in  the  Neither  areas  as  well,  (3)  that  expedient  shelters  (Class  XE) 
will  be  produced  in  the  surge  period  in  both  Risk  and  Neither  areas,  and  (4)  that 
home  basements  will  not  be  used  in  Che  Neither  areas  because  of  the  prospective 
high  radiation  levels. 

In  Table  H-6,  the  Risk  allocations  are  derived  as  follows:  From 
Figure  H-1,  the  Class  A  equation  yields  10.2  percent  assigned  for  a  relative 
availability  of  seven.  The  B/C,  E/F,  and  G/H/I  values  are  from  Table  H-3. 

The  Category  0  assignment  is  adjusted  from  Figure  H-1  to  account  for  the  higher 
assignment  Co  Category  A.  The  residual  population  Is  assigned  Co  XE  shelter 
except  for  those  who  could  occupy  Class  Y  (key-worker)  shelter.  It  Is  assumed 


that  Class  Y  shelter  for  the  high  estimate  of  key-workers  (5  percent  of  the 
original  population)  is  produced  and  that  half  is  so  located  that  It  can  be 
assigned.  Since  the  population  Is  only  73  percent  of  the  original,  the  assigned 
fraction  Is  3.4  percent.  The  remainder  of  the  unsheltered  (20.5  percent  of  the 
residual  risk  population)  are  assigned  to  trench-type  expedient  shelters  dug 
during  the  surge  period  In  parks  and  vacant  lots.  As  noted  before.  If  at  least 
60  percent  of  the  required  space,  measured  at  10  square  feet  per  person,  can  be 
completed,  crowding  will  permit  sheltering  of  this  group.  Note  that  crowding 
of  the  public  shelter  categories  Is  not  assumed  In  this  estimate  since  the  XE 
shelters  offer  better  protection  generally. 

Similarly,  in  the  Host  areas.  Figure  H-2  is  used  as  appropriate. 

The  expansion  factor  for  Class  A  space  is  1.67  to  adjust  to  a  27  percent 
evacuation  multiplied  by  7  for  correction  of  the  undercounting  of  mine  space 
(this  replaces  the  1.85  correction  in  the  best  estimate)  or  11.69.  Evaluation 
of  the  Class  A  equation  gives  an  assignment  of  8.3  percent.  The  expansion 
factor  for  B/C  space  is  1.67  (27  percent  evacuation)  times  1.85  (correction 
for  ventilation  reduction)  times  1.4  (completion  of  Host  Area  Survey)  times 
1.67  (crowding  to  6  sq.  ft.  per  person)  or  7.22.  Evaluation  of  the  B/C 
equation  yields  an  assignment  estimate  of  35.6  percent.  The  expansion  factors 
for  E/F  and  G/H/I  are  in  the  neighborhood  of  4  but  since  the  utilization  appears 
to  change  little  In  this  region,  the  best  estimates  are  used.  The  fraction  of 
the  resident  host  population  assigned  to  home  basements  (Class  D)  Is  then 
determined  as  noted  before  by  determining  the  fraction  unasslgned  and  multiplying 
by  the  fraction  with  basements.  The  result  Is  then  adjusted  to  the  ratio  of 
resident  to  Host-area  population  with  27  percent  relocation.  The  residual 
population  is  assigned  to  fallout-upgraded  shelter  (Class  XU)  as  in  the  "best" 
allocation. 

The  Neither  allocation  is  based  in  part  on  Figure  H-3.  The  Class  A 
equation,  evaluated  at  x  equals  7,  yields  an  assignment  of  2.9  percent.  For 
the  other  public  shelter  space,  the  expansion  factor  Is  4.33,  made  up  of  the 
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factors  1.85  (ventilation  correction),  1.4  (completion  of  host  area  survey), 
and  1.67  (for  crowding).  The  percent  assigned  to  Class  B/C  Is  projected  to 
be  38.4  percent  according  to  the  trend  equation.  To  be  consistent,  the 
assignments  to  Classes  E/F  and  G/H/I  should  be  evaluated  at  the  factor  4.33 
to  reflect  the  greater  availability  of  Class  B/C  space.  The  assignment  to 
Class  E/F  would  be  negligible  if  the  linear  trend  Is  approximately  correct. 

The  projection  for  Class  G/H/I  assumes  that  the  trend  line,  which  Is  still 
Increasing  at  a  relative  availability  of  1.85,  peaks  thereafter  and  then 
declines  as  more  basement  space  becomes  available.  An  estimate  of  10  percent 
was  made.  No  assignment  to  home  basements  Is  made  In  the  high  allocation. 
Instead,  the  residual  population  Is  provided  with  crisis  production  of 
expedient  shelter  (Class  XE) . 

The  high  shelter  allocation  for  the  relocated  mode  Is  shown  In 
Table  H-7.  In  the  Risk  areas,  the  high  estimate  of  the  number  of  key-workers 
is  used,  which  is  5  percent  of  the  risk  population.  Since  23  percent  of  the 
risk  population  remain  in  the  Risk  areas,  key-workers  account  for  5/23  or  21.7 
percent  of  them.  This  fraction  Is  assigned  to  Class  Y  shelter.  The  remaining 
78.3  percent  are  assigned  In  the  same  proportions  as  In  Table  H-6;  e.g.,  the 
Class  A  value  in  Table  H-7  is  78.3  percent  of  the  Class  A  value  in  Table  H-6. 
In  the  Host  areas.  Class  A  space  Is  expanded  by  a  factor  of  7.  The  evaluation 
of  the  Class  A  equation  gives  6.1  percent  as  the  assignment.  The  expansion 
factor  for  Class  B/C  shelter  is  1.02  (correction  for  77  percent  relocation) 
times  1.85  (correction  for  ventilation  reduction)  times  1.4  (completion  of 
Host  Area  Survey)  times  1.67  (crowding  to  6  square  feet  per  person)  or  4.41. 
The  evaluation  of  the  Class  B/C  equation  gives  23.6  percent  as  the  assignment. 
For  the  same  expansion  factor,  the  assignments  to  Classes  E/F  and  G/H/I  are 
estimated  from  Figure  H-2  to  be  2  percent  and  14.5  percent  respectively.  It 
Is  assumed  that  home  basements  are  not  used.  The  residual  population  Is 
assigned  to  upgraded  fallout  shelter  (Class  XU) . 
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H.5  Low  Shelter  Allocatlona  for  Program  D  Prime 

The  low  estimates  for  the  in-place  and  relocated  postures  are 
shown  in  Tables  H-8  and  H-9.  In  general,  the  shelter  assignments  for  the 
low  estimate  are  identical  to  the  best  estimates  of  Tables  H-4  and  H-5  and 
are  based  on  the  same  assumptions.  The  exception  has  to  do  with  the  production 
of  upgraded  fallout  shelter  in  the  Host  and  Neither  areas.  During  some  part 
of  the  winter  months,  the  ground  is  frozen  in  the  northern  part  of  the  U.S., 
making  the  upgrading  process  difficult,  if  not  Impossible.  The  low  estimates 
are  Intended  to  account  for  this  degradation  in  fallout  protection. 

The  part  of  the  year  in  which  shelter  upgrading  would  be  Impeded  in 
a  large  section  of  the  country  is  reflected  in  the  fraction  of  Monte  Carlo 
runs  in  which  the  low  estimate  is  chosen.  This  is  established  as  20  percent 
of  all  runs.  Assuming  that  an  attack  is  equally  likely  at  any  time  of  the 
year,  this  choice  is  equivalent  to  73  days  out  of  the  year.  Coupled  with 
this  choice  is  the  assumption  that  no  shelter  upgrading  occurs  during  this 
period  in  the  affected  part  of  the  country. 

The  fraction  of  the  population  not  provided  with  upgraded  fallout 
protection  because  of  frozen  ground  is  assumed  to  be  at  random  in  residences, 
as  are  Che  unwarned  and  stay-puts.  It  would,  of  course,  be  possible  in  such 
contingencies  to  crowd  the  available  public  shelter,  as  was  assumed  in  the  high 
estimates.  It  would  also  be  possible  to  ask  Host  area  residents  to  volunteer 
the  use  of  home  basements  by  others.  These  adjustments  were  assumed  not  to 
occur  in  the  low  estimates. 

To  estimate  the  fraction  of  the  population  not  provided  with  upgraded 
fallout  shelter  because  of  frozen  ground,  it  was  determined  chat  about  two- 
thirds  of  the  risk  population  resides  in  the  northerly  part  of  the  country 
where  more  than  half  the  residences  have  basements.  The  average  fraction  of 
homes  with  basements  in  this  region  is  about  37  percent.  In  the  South  and 
Southwest,  the  basement-poor  part  of  the  country,  only  about  14  percent  of 
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TABLE  H-8 


LOW  SHELTER  ALLOCATION,  PROGRAM  D  PRIME 
(27  Percent  Spontaneous  Evacuation) 


Fraction  of  Population 


Shelter  Class 

Risk 

Host 

Neither 

A 

0.062 

0.046 

0.010 

B/C 

0.337 

0.233 

0.267 

D 

0.295 

0.220 

0.499 

E/F 

0.049 

0.020 

0.028 

G/H/I 

0.023 

0.144 

0.071 

Y 

0.021 

- 

- 

XU 

- 

0.270 

0.100 

At  Random 

0.213 

0.067 

0.025 

1.000 

1.000 

1.000 
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TABLE  H-9 


LOW  SHELTER  ALLOCATION,  PROGRAM  D  PRIME 
(77  Percent  Crisis  Relocation) 


Fraction  of  Population 


Shelter  Class 

Host 

Neither 

A 

0.054 

0.034 

0.010 

B/C 

0.293 

0.155 

0.267 

D 

0.256 

0.135 

0.499 

E/F 

0.043 

0.030 

0.028 

G/H/I 

0.020 

0.101 

0.071 

Y 

0.130 

- 

- 

XU 

- 

0.436 

0.100 

At  Random 

0.204 

0.109 

0.025 

1.000 

1.000 

1.000 
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homes  have  basements  on  the  average.  It  was  also  estimated  that  most  of 
the  public  shelter  space  belowground  Is  also  located  In  the  basement-rich 
North.  As  a  consequence,  most  of  the  requirement  for  upgraded  or  expedient 
shelter  Is  In  the  basement-poor  section  of  the  country  where  the  availability 
of  public  shelter  Is  lowest  and  few  of  the  unsheltered  population  have  home 
basements.  It  was  concluded  that  In  Risk  areas  about  80  percent  of  the 
unsheltered  population  would  be  In  the  basement-poor  part  of  the  country. 
This,  of  course.  Is  the  South  and  Southwest  where  frozen  ground  would  not 
be  an  Impediment.  It  was  assumed  that  this  relationship  applies  to  Host 
areas  as  well  and  to  both  In-place  and  relocated  postures.  This  assumption 
Is  partially  corroborated  by  inspection  of  Table  H-2,  where  the  unsheltered 
fraction  In  the  Neither  areas  Is  only  about  20  percent  of  that  In  the  Host 
areas.  Most  of  the  Neither  population  resides  In  New  Jersey,  which,  although 
marginal  with  respect  to  the  freezing  of  the  ground  In  winter.  Is  In  the 
basement-rich  part  of  the  country.  Therefore,  It  has  been  assumed  that  20 
percent  of  the  upgraded  fallout  shelter  required  In  the  Host  and  Neither 
areas  Is  not  produced  In  the  low  estimates.  The  Category  XU  assignment  Is 
thus  80  percent  of  that  In  the  best  estimates  and  the  residual  population  Is 
classed  as  "At  Random". 

H.7  Probability  Distribution  for  Program  D  Prime 

As  noted  above,  the  probability  of  occurrence  of  the  low  estimates 
of  FA  for  Program  D  Prime  was  Judged  to  be  20  percent.  Because  of  the  nature 
of  the  assumptions  used  In  the  high  estimates.  It  was  Judged  that  the 
probability  of  occurrence  was  only  5  percent.  Hence,  the  best  estimates  were 
given  a  weight  of  75  percent. 

H.8  Estimates  for  the  Current  Capability 

Estimates  of  FA^  for  the  Current  Capability  Maintained  and  for  the 
Paper  Plans  Only  programs  were  based  on  the  present  NSS  Inventory.  However, 
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because  the  all-effects  survey  of  Program  D  Prime  would  not  be  available, 
only  two  public  shelter  classes  were  considered:  Belowground  NSS  and  Above¬ 
ground  NSS.  Thus,  belowground  spaces  are  a  combination  of  all-effects  categories 
A,  B,  C,  and  G,  where  aboveground  spaces  are  a  combination  of  categories  E, 

F,  H,  and  I.  Since  both  the  NSS  inventory  and  existing  CSPs  are  out  of  date. 

It  was  judged  that  only  three-quarters  of  the  inventory  could  actually  be 
assigned  In  a  crisis.  Home  basements  represent  a  major  shelteriri  resource  at 
the  present  time.  It  was  also  judged  by  the  expert  panel  that  emergency 
Information  provided  to  the  public  during  the  surge  period  could  cause  some 
10  percent  of  the  public  to  provide  improved  fallout  protection  in  aboveground 
parts  of  residences. 

Considering  the  above,  the  panel  made  the  following  assumptions:  (1) 
people  possessing  home  basements  would  be  told  to  use  them  rather  than  moving 
to  public  shelter;  (2)  those  without  home  basements  would  be  assigned  to  or 
told  to  go  to  nearby  large  building  basements  (represented  by  three-quarters 
of  the  NSS  belowground  inventory) ;  (3)  where  the  belowground  inventory  was 
exhausted,  the  aboveground  NSS  space  would  then  be  used;  and  (4)  ten  percent 
of  the  unit-area  population  would  upgrade  their  residences  if  they  had  no 
other  shelter.  These  rules  were  used  in  a  TENDS  detailed  allocation  with  the 
results  shown  in  Table  H-10.  The  table  shows  the  shelter  posture  for  two 
levels  of  evacuation,  16  and  39  percent,  which  are  the  best  estimates  of  FCR 
for  Current  Capability  Maintained  and  Paper  Plans  Only.  The  panel  decided 
not  to  make  low  and  high  estimates  for  these  postures;  hence,  they  were  used 
in  MCPOPDEF  without  variation. 

In  addition  to  the  shelter  postures  of  Table  H-10,  a  TENDS  allocation 
was  also  performed  for  an  FCR  of  77  percent  to  aid  in  the  analysis.  This 
pseudo-posture  is  not  shown. 


TABLE  H-10 


SHELTER  ALLOCAnONS,  CURRENT  CAPABILITY 


Fraction  of  Population 

Shelter  Category  Risk  Host  Neither 

(16  Percent  Spontaneous  Evacuation) 


At  Random 

0.234 

0.471 

0.122 

Home  Basements 

0.549 

0.356 

0.748 

Belowground  NSS 

0.146 

0.077 

0.042 

Aboveground  NSS 

0.015 

0.008 

0.010 

Upgraded  Residences 

0.056 

0.088 

0.078 

(39  Percent  Ordered 

Relocation) 

At  Random 

0.226 

0.547 

0.122 

Home  Basements 

0.549 

0.278 

0.748 

Belowground  NSS 

0.158 

0.074 

0.042 

Aboveground  NSS 

0.014 

0.010 

0.010 

Upgraded  Residences 

0.053 

0.091 

0.078 

RATIONALE  FOR  RATED  SHELTER  CHARACTERISTICS 


Appendix  I 

RATIONALE  FOR  RATED  SHELTER  CHARACTERISTICS 


I.l  Introduction 

The  direct-effects  protection  characteristics  of  the  various  shelter 
classes  to  which  Che  population  may  be  assigned  are  represented  in  MCPOPDEF 
by  values  of  blast  overpressure  at  which  50  percent  of  the  shelter  population 
survive  (MLOP)  and  survive  uninjured  (MCOP) .  The  protection  afforded  by  the 
shelter  class  against  fallout  radiation  is  represented  by  the  protection 
factor  (PF) .  In  all  cases,  Che  rated  characteristics  are  Intended  to  represent 
a  random  location  and  posture  (standing,  sitting,  or  lying  down)  within  the 
shelter  areas.  In  general,  the  rated  characteristics  can  be  Improved  if  the 
shelter  occupants  were  in  the  best  location  and  best  posture  to  survive  weapon 
effects.  The  potential  Improvement  if  all  were  in  the  best  protective  posture 
is  represented  by  a  fractional  Increase  in  the  rated  characteristics.  These 
fractional  Increases  are  labeled  &ML0P',  AMCOP',  and  APF. 

There  are  a  number  of  uncertainties  Inherent  in  estimating  these 
parameters,  not  the  least  of  which  is  chat  each  shelter  class  represents  a 
large  number  of  shelter  locations,  mostly  in  buildings,  that  differ  among  them¬ 
selves  in  their  protective  characteristics.  The  shelter  classes,  of  course, 
are  chosen  to  distinguish  major  characteristics  but  variability  remains  within 
each  class.  Therefore,  low,  best,  and  high  estimates  of  the  parameters  were 
made  by  an  expert  panel,  together  with  judgments  of  Che  form  of  the  probability 
distribution  over  the  range  of  estimates.  The  estimates  were  intended  to 
represent  the  range  of  variability  of  the  expected  performance  of  the  shelter 
class  as  a  whole  and  not  the  variability  among  individual  shelter  areas.  The 
results  are  summarized  below  for  each  shelter  class,  first  for  the  Program  D 
Prime  classes  and  Chen  for  the  "current"  categories. 


1.2  The  '*At  Random"  Class 


This  class  is  used  for  the  unwarned,  those  deciding  not  to  go  to 
shelter,  those  not  provided  with  shelter  by  a  program,  and  those  caught  prior 
to  leaving  for  assigned  shelter  by  a  detonation.  The  estimates  are  intended 
to  apply  to  people  at  random  In  residential  buildings  and  Include  consideration 
of  the  effects  of  thermal  radiation  as  well  as  blast  overpressure. 


Parameter 
MLOP  (psl) 
MCOP  (psi) 
PF 


Low 

3 

2 

5 


Best 

5 

2 

10 


High 

7 

2 

15 


The  PF  range  assumes  remaining  Indoors  aboveground  for  the  low 
estimate  and  partial  use  of  a  residential  basement  for  the  high  estimate. 

The  default  or  normal  distribution  was  assigned  to  the  MLOP  and  PF  estimates. 
The  MCOP  is  constant  at  2  psi.  For  this  class,  AMLOP’,  AMCOP’,  and  APF  are 
zero. 


1.3  Home  Basements 

The  rated  characteristics  for  this  class  assume  a  family  group 
located  at  random  in  the  basement.  The  delta  parameters  assume  use  of  the 
best  corner  of  the  basement. 


Parameter 


Low 


Best 


High 


The  range  for  MLOP  and  MCOP  reflect  uncertainty  about  the  survival 
situation  as  residences  are  blown  off-slte  above  about  5  psl.  The  PF  estimates 
reflect  uncertainties  In  range  of  construction  and  In  effects  of  damage  on 
fallout  protection  where  this  occurs.  The  distribution  for  MLOP  Is  15  percent 
In  the  5-  to  7-psl  range,  35  percent  In  the  7-  to  10-psl  range,  35  percent  In 
the  10-  to  13-psl  range,  and  15  percent  In  the  13-  to  20-psl  range.  The 
distribution  for  MCOP  Is  50  percent  at  4  psl,  35  percent  In  the  4-  to  6-psl 
range  and  15  percent  In  the  6-  to  lO-psl  range.  The  random-number  choice  for 
MLOP  determines  the  corresponding  MCOP.  The  default  distribution  Is  used  for 
PF  and  the  delta  parameters.  The  estimates  for  AMLOP'  and  AMCOP'  reflect  the 
judgment  that  the  blast  protective  posture  would  be  most  effective  In  reducing 
Injuries  rather  than  fatalities. 

1.4  Class  A  -  Mines,  Caves,  and  Tunnels 

Most  of  this  space  Is  In  mines  and  urban  tunnels. 


Parameter 

Low 

Best 

High 

MLOP 

20 

50 

200 

MCOP 

15 

35 

150 

PF 

1000 

5000 

10000 

AMLOP' 

0.1 

0.1 

0.1 

AMCOP' 

0.1 

0.1 

0.1 

The  uncertainty  ranges  reflect  the  variability  in  specific  structures 
and  the  fact  that  the  failure  mechanism  Is  not  fully  understood.  The  primary 
casualty-producing  factors  are  room-filling  and  high-velocity  jets  at  openings. 
The  small  delta  estimates  account  for  avoiding  the  use  of  areas  near  openings. 
APF  Is  zero  for  this  class.  The  distribution  puts  70  percent  of  the  weight 
between  40  and  70  psl,  15  percent  between  20  and  40  psl,  and  15  percent  between 
70  and  200  psl,  with  MCOP  correlated  with  MLOP.  The  PF  distribution  Is  normal. 


1.5  Class  B/C  -  S Crone  Bulldlne  Basements 


Parameter 

Low 

Best 

High 

MLOP 

7 

10 

25 

MCOP 

5 

7 

10 

PF 

100 

500 

1000 

AMLOP' 

0.3 

0.35 

0.4 

AMCOP' 

0.3 

0.35 

0.4 

APF 

0.75 

0.75 

0.75 

The  blast  protection  estimates  reflect  uncertainties  in  the  first- 
floor  strength  in  large  building  basements,  the  existence  of  sub-basements, 
etc.  The  MLOP  distribution  places  40  percent  of  the  weight  between  7  and  10 
psi,  40  percent  between  10  and  13  psi  and  20  percent  between  13  and  25  psi, 
with  MCOP  correlated.  The  PF  estimates  are  drawn  from  the  DCPA  Attack 
Environment  Manual  and  the  default  distribution  is  used.  The  blast  protection 
parameters  reflect  location  of  people  away  from  centers  of  spans  and  openings 
along  walls  and  around  columns.  The  APF  estimates  assume  maximum  use  of 
corners  and  spaces  near  walls. 

1.6  Class  E/F  -  Aboveground,  Strong  Walls 

This  shelter  class  involves  large  buildings  with  strong  walls,  less 
Chan  50  percent  apertures,  and  less  than  ten  stories. 

Parameter  Low  Best  Hlsh 


1-5 


The  estimate  of  MLOP  has  a  substantial  range  but  it  was  Judged 
only  a  low  probability  (10  percent)  that  the  expected  performance  would  be 
between  4  and  6  psl.  A  weight  of  -^5  percent  was  placed  between  6  and  8 
psl  and  an  equal  weight  between  8  and  10  psl.  The  MCOP  Is  estimated  at  a 
constant  2  psl  but  the  estimate  of  AMCOP'  Indicated  that  this  Injury  level 
could  be  doubled  if  people  were  lying  down  and  holding  on  to  things  and 
each  other.  The  PF  estimates  are  based  on  the  DCPA  Attack  Environment  Manual 
and  could  be  doubled  (APF  =  1.0)  by  use  of  interior  core  areas.  Th4  default 
distribution  was  used  for  the  PF  estimate. 

1.7  Class  G/H/I  -  Weak  Basements  and  Aboveground,  Weak  Walls 

Shelters  in  this  class  are  in  large  building  basements  with  flat 
plate  or  band-beam-supported  first  floors  or  in  aboveground  parts  of  buildings 
with  weak  walls,  large  apertures,  or  over  ten  stories  tall. 


Parameter 

Low 

Best 

High 

MLOP 

3 

5 

7 

MCOP 

2 

2 

2 

PF 

40 

70 

120 

AMLOP' 

0.4 

0.6 

0.8 

AMCOP' 

0.5 

0.5 

0.5 

APF 

1.0 

1.0 

1.0 

The  default  distribution  was  judged  applicable  to  the  variable 
parameters . 

1.8  Class  XU  -  Upgraded  Fallout  Protection 

Shelters  in  this  class  are  to  be  produced  in  a  crisis  by  piling 
earth  against  the  walls  and  on  the  floor  over  the  shelter  areas  in  non- 
residentlal  buildings  having  insufficient  barrier  protection  otherwise. 


Parameter 


The  blast  resistance  of  this  class  was  judged  to  be  similar  to 
Class  G/H/I  but  the  delta  parameters  are  smaller.  The  PF  estimates  reflect 
uncertainties  in  the  nature  of  the  detailed  upgrading  plans  to  be  prepared 
in  Program  D  Prime  and  in  the  time  available  to  carry  out  the  upgrading. 

The  effectiveness  of  the  fallout  protective  posture  (APF)  was  judged  to  be 
similar  to  Class  B/C. 


1.9  Class  Y  -  Kev  Worker  Shelter 


Estimates  for  this  shelter  class  were  based  on  an  existing  design 
that  survived  53  psi  undamaged  under  test. 


Parameter 

Low 

Best 

High 

MLOP 

35 

55 

100 

MCOP 

20 

45 

85 

PF 

100 

200 

300 

Seventy  percent  of  the  probability  weight  for  MLOP  was  placed 
between  40  and  70  psi,  with  15  percent  above  and  below.  The  MCOP  is 
correlated  with  the  MLOP.  The  default  distribution  was  used  for  PF.  The 
delta  parameters  are  zero  for  this  class. 


I. 10  Class  XE  -  Expedient  Trench  Shelter 

The  estimates  assume  a  lined  trench  shelter  that  provides  good 
protection  from  injury  until  catastrophic  failure  occurs. 


Parameter 

Low 

Best 

High 

MLOP 

10 

15 

40 

MCOP 

9 

14 

30 

PF 

100 

200 

300 

The  range  of  MLOP  and  MCOP  reflect  uncertainties  in  construction 
and  soil  characteristics.  The  default  distribution  was  used.  The  delta 
parameters  are  zero  for  this  class. 

I. 11  Belowground  NSS  Space 

This  Current  Capability  category  Includes  all  belowground  spaces  in 
the  NSS  inventory  offering  at  least  PF  40  for  at  least  50  people. 


Parameter 

Low 

Best 

High 

MLOP 

6 

7 

8 

MCOP 

3 

4 

5 

PF 

30 

100 

500 

AMLOP' 

0.3 

0.4 

0.5 

AMCOP ' 

0.3 

0.4 

0.5 

APF 

0.75 

0.75 

0.75 

Tlie  default  distribution  was  used  for  all  variable  parameters. 

The  estimates  of  MLOP  and  MCOP  lie  between  those  of  Class  B/C  and  Class  G/H/I, 
reflecting  the  judgment  that  the  inclusion  of  building  basements  with  weak 
overhead  floors  outweighed  the  small  utilization  of  Class  A  space.  The 
delta  parameters  are  similar  to  Class  B/C. 

1.12  Aboveground  NSS  Space 

This  Current  Capability  category  includes  all  aboveground  space  in 
the  NSS  Inventory  offering  at  least  PF  40  for  at  least  50  people. 


MLOP 

3 

5 

7 

MCOP 

2 

2 

2 

PF 

30 

70 

100 

AMLOP' 

0.10 

0.10 

0.10 

AMCOP' 

1.00 

APF 

1.00 

1.00 

The  estimates  of  MLOP  and  MCOP  are  those  of  Class  G/H/I  and 
their  delta  parameters  are  those  of  Class  E/F.  The  PF  estimates  are 
Intermediate  to  these  classes  and  APF  is  appropriate  to  both. 

1.13  Upgraded  Residences 

This  category  is  based  on  the  assumption  that  a  refuge  could 
be  established  in  the  aboveground  posture  of  residences  that  would  provide 
good  fallout  protection  but  no  appreciable  improvement  in  blast  protection. 
The  MLOP  and  MCOP  were  judged  to  be  the  same  as  the  At  Random  class  and 
Class  G/H/I.  The  PF  was  judged  to  be  50  with  no  variation.  The  delta 
parameters  are  zero.  The  default  distribution  was  used. 

1.14  Persons  in  the  Open 

The  estimates  of  MLOP  and  MCOP  for  persons  caught  in  the  open 
enroute  to  shelter  by  intervening  detonations  include  variability  in  the 
amount  of  shielding  from  the  thermal  pulse  by  structures. 

Parameter  Low  Best  High 

MLOP  236 

MCOP  122 

The  distribution  for  MLOP  placed  40  percent  of  the  weight  between 
2  and  3  psl,  40  percent  between  3  and  4  psl  and  20  percent  between  4  and  6 
psl,  with  MCOP  correlated.  Survivors  are  assumed  to  continue  to  assigned 
shelter  for  fallout  protection.  There  are  no  delta  parameters  for  this 
situation. 


RATIONALE  FOR  ESTIMATES  OF  ENTRAPMENT 


J.l  Introduction 

The  fraction  of  the  population  In  a  given  shelter  class  who  are 
trapped  because  of  blast  effects  Is  determined  In  POPDEF  by  use  of  a  median 
trapping  overpressure  (MTOP)  assigned  to  the  shelter  class.  The  fraction  of 
the  trapped  who  are  uninjured  (FTU)  Is  also  specified  for  each  shelter  class. 

The  basis  for  the  values  of  MTOP  and  FTU  is  described  here. 

J.2  Available  Data 

Few  data  have  been  found  relating  to  entrapment.  In  1965,  Crain  et 
al*  examined  data  on  entrapment  of  people  in  Morrison-type  shelters  in  basements 
of  wall  bearing,  brick  buildings  in  London  during  World  War  II.  They  found  that 
in  the  samples,  56  percent  had  been  trapped  and  an  additional  7  percent  had  died 
They  concluded  that  the  sum  of  these  was  equivalent  to  the  fraction  who  could 
have  survived.  They  extrapolated  this  finding  to  the  NSS  buildings  and  derived 
the  following  estimates  of  entrapment  rates: 


Building  Type  Entrapment 

Wall-bearing  Brick  12% 
Wood  Frame  10% 
Reinforced  Concrete  6% 
Steel  Frame  2% 


In  a  draft  of  Emergency  Rescue  (Federal  Civil  Defense  Guide,  Part  E, 
Chapter  II,  November  1967),  these  estimated  rates  were  further  refined  as 
follows: 

Crain,  J.L.  et  al.  Civil  Defense  Rescue.  Stanford  Research  Institute 
(August,  1965). 
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Overpressure 

Type  of 
Construction 

Killed  (K) 
Immediately 

Trapped 

(T) 

Ratio 

T/K 

(psi) 

5-8 

Heavy 

0.08 

0.05 

0.62 

Light 

0.13 

0.09 

0.69 

3.5  -  5 

Heavy 

0.07 

0.04 

0.57 

Light 

0.08 

0.06 

0.75 

2.5  -  3.5 

Heavy 

0.03 

0.02 

0.67 

Light 

0.03 

0.02 

0.67 

where  the  terms  "Killed  Immediately"  and  "Trapped"  are  defined  as  follows: 

Killed  Immediately  -  those  persons  killed  Instantly  or  suffering 

injuries  of  such  severity  that  they  die  within 
24  hours. 

Trapped  -  those  persons  entangled  or  otherwise  confined  by 

blast-caused  debris  who  cannot  escape  without  outside 
help.  They  may  be  found  in  any  condition  from 
uninjured  to  nonambulatory  seriously  injured. 

The  fractions  shown  under  killed  and  trapped  may  be  taken  both  as  the  rate 
at  which  people  would  suffer  these  effects  and  as  the  probability  that  an 
individual  would. 

The  differences  in  the  ratios  T/K  are  not  significant;  they  can  be 
accounted  for  as  results  of  rounding  off  small  numbers.  In  addition,  the  data 
base  from  which  they  were  derived  is  too  small  to  support  such  differences. 
Therefore,  it  was  decided  to  use  the  average  value,  T/K  -  0.67;  that  is,  the 
fraction  trapped  is  two-thirds  the  fraction  killed  at  any  overpressure.  That 
there  should  be  this  relationship  between  the  probability  of  being  killed  and 
that  of  being  trapped  seems  reasonable.  Both  effects  result  from  the  breaking 
up  of  the  structure.  Therefore,  it  should  be  expected  that  the  rates  of  forming 
lethal  missiles  and  trapping  debris  would  be  proportional  to  each  other. 


*  '  T'  " 
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J.3  Entrapment  Probabilities 

The  MLOP  and  MCOP  "cookie-cutters”  used  In  POPDEF  to  estimate 
casualties  are  derived  from  probability  functions  of  the  type  shown  In  Figure 
J-1,  in  which: 


P 

P 


c 

u 


Pi  +  P 
1  -  Pc 


k 


(1) 

(2) 


where: 

p^  “  probability  of  being  a  casualty 
p^  ■  probability  of  being  injured 
Pj^  ■  probability  of  being  killed 
p^  ■  probability  of  being  uninjured 

The  people  who  are  trapped  are,  by  the  definition  given  above,  among 
the  survivors.  Then, 


O. 67  Pj^d  -  pj^),  and 

P.  +  P 

*^k  “^t 


(3) 

(4) 


where : 

P^  ■  probability  of  being  a  trapped  survivor 
l"Pj^  “  probability  of  surviving 

p,^  ■  probability  of  being  either  killed  or  a  trapped 
survivor 


Figure  J-2  shows  an  example  of  the  result  obtained  by  the  application  of 
Equations  (3)  and  (4)  to  the  fatality  function  shown  In  Figure  J-1. 


Fraction  of  Occupants  of  Category  B/C  Shelters 
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FIGURE  J-2  PEOPLE  TRAPPED  IN  CLASS  B/C  SHELTERS 


LEGEND 

■  Probability  of  being  either  killed  or  a  trapped  survivor 
p^  ■  Probability  of  being  a  trapped  survivor 
Pj^  •  Probability  of  being  killed 


^  ^  • 


J.4  Estimates  of  MIOP 

Survivors  of  the  immediate  weapon  effects  would  be:  Injured  or 
uninjured,  trapped,  or  not  trapped.  Estimating  the  effectiveness  of  civil 
defense  countermeasures  and  program  elements  requires  assessment  of  the 
condition  of  the  survivors  in  these  categories.  This  assessment,  in  turn, 
requires  the  development  of  probability  functions  for  use  in  predicting  the 
numbers  of  survivors  in  the  several  classes.  These  functions  can  be  derived 
using  Equations  (1),  (2),  and  (3).  The  results  of  the  calculations  for  Class 
B/C  shelter  are  shown  in  Figure  J-3. 

Column  (1)  shows  the  given  overpressure.  Columns  (2)  and  (3)  show 
the  casualty  (p^)  and  fatality  (p^)  probabilities  calculated  using  an  equation 

f(p)  »  1  - 

tidiere  x  ■  overpressure  and  k  and  E  are  constants  related  to  the  protection. 
Column  (4)  shows  the  probability  of  being  uninjured  (p  )  found  by  subtracting 
Column  (2)  from  unity.  Column  (S)  shows  the  injury  probability  (p^)  found  by 
subtracting  Column  (3)  from  Column  (2). 

Column  (6)  shows  the  "Killed  +  Trapped"  function  found  by  solving 
Equations  (3)  and  (4)  for  the  values  of  p^  in  Column  (3).  Column  (7)  shows 
the  probability  of  being  trapped  (p^)  found  by  subtracting  Column  (3)  from 
Column  (6)  or  by  using  equation  (3).  Column  (8)  shows  the  probability  of 
being  trapped  and  uninjured  *  FTU)  found  by  multiplying  Column  (7)  by 

Column  (4)  on  the  assumption  that  the  probability  of  being  uninjured  is  the  same 
whether  trapped  or  not  trapped.  Column  (9)  shows  the  probability  of  being 
trapped  but  injured,  ,  found  by  subtracting  Column  (8)  from  Column  (7). 
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Fig.  J-3  Frobablllcy  Functions  for  People  under  Direct  Effects  (B/C) 
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Column  (10)  shows  the  probabllty  of  being  not-trapped  and  uninjured  (p  )  found 
by  subtracting  Column  (8)  from  Column  (4) .  Column  (11)  shows  the  probability 
of  being  not-trapped  and  injured  (P^^)  found  by  subtracting  Column  (9)  from 
Column  (5). 


The  "Killed  +  Trapped"  values  in  Column  (6)  are  essential  for  defining 


MTOP  for  use  in  POPDEF. 

The  MTOP  is 

the  overpressure  at  which 

-  0-5- 

Class  B/C  shelters,  MTOP 

»  8.7  psi. 

The  values  of  MTOP  based  on 

the  best 

estimate  of  MLOP 

for  each  Program 

D  Prime  shelter  class  and 

the  MTOP/MLOP  ratios 

are: 

Shelter  Class 

MLOP 

MTOP 

MTOP/MLOP 

-(psi) 

(psi) 

A 

50 

46 

0.92 

B/C 

10 

8.7 

0.87 

D 

10 

8.7 

0.87 

E/F 

8 

7 

0.875 

G/H/I 

5 

4.6 

0.92 

At  Random 

5 

4.6 

0.92 

Weighted  Average  0 . 88 

It  can  be  seen  in  the  table  that  the  ratio  IfTOP/MLOP  clusters  between 
0.87  and  0.92.  The  data  base  from  which  the  values  of  ^f^0P  were  derived  is  too 
small  to  warrant  consideration  of  such  small  differences.  Therefore,  an  average 
value  of  0.88  obtained  by  weighting  for  relative  quantities  of  the  several  classes 
has  been  used  in  calculating  MTOP  for  all  shelter  classes.  This  factor  is  applied 
in  MCPOPDEF  to  the  MLOP  selected  from  the  distribution  to  obtain  the  appropriate 
MTOP. 

J.5  Estimate  of  FTU 

Estimates  of  the  fractions  of  the  trapped  survivors  who  are  uninjured 
(FTU)  and  Injured  (1  -  FTU)  can  be  obtained  by  integrating  the  fractions  of 


trapped/uninjured  and  trapped/ Injured  over  the  range  of  overpressures  of  interest 
these  proportions  are  the  same  as  the  sums  at  the  foot  of  Columns  (8) ,  and  (9) 

In  Figure  J-3.  Similar  proportions  for  other  shelter  classes  were  calculated  In 
the  same  way.  Then,  the  proportions  of  uninjured  and  injured  of  the  trapped 
survivors  for  the  several  classes  are: 


Shelter  Class 

FTU 

1  -  FTU 

A 

0.12 

0.88 

B/C 

0.20 

0.80 

D 

0.02 

0.98 

E/F 

0.01 

0.99 

G/H/I 

0.02 

0.98 

XU 

0.02 

0.98 

Y 

0.11 

0.89 

XE 

0.20 

0.80 

At  Random 

0.06 

0.94 

For  the  Current  Capability  shelter  categories,  FTU  for  Class  B/C  was 
used  for  Belowground  NSS,  that  for  Class  G/H/I  was  used  for  Aboveground  NSS,  and 
that  for  the  "At  Random"  class  was  used  for  Upgraded  Residences. 
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K.l  Introduction 

People  may  be  forced  to  leave  the  shelter  after  a  limited  period  of 
occupancy  because  of  lack  of  drinking  water  and/or  insufficient  ventilation 
to  provide  a  habitable  shelter  temperature.  These  problems  are  interrelated 
because  the  primary  physiological  mechanism  for  dissipating  metabolic  heat  in 
a  warm  or  hot  environment  is  through  the  evaporation  of  sweat,  which  increases 
the  water  demand.  Drinking  water  may  be  available  to  shelterees  in  tanks 
normally  in  buildings  or  from  the  water  supply  system,  or  may  be  provided  by 
the  stocking  of  water  containers  as  part  of  a  civil  defense  program.  Ventilation 
to  provide  a  cool  or  comfortable  temperature  environment ,is  ordinarily  available 
to  family  groups  in  homes  and  in  aboveground  public  shelters  but  will  usually  be 
insufficient  in  summer  months  in  belowground  public  shelters  unless  ventilation 
devices  are  provided,  especially  since  a  basic  assumption  of  POPDEF  is  that 
commercial  electric  power  will  be  lost  in  all  areas  after  a  nuclear  attack. 

The  population  defense  model  provides  for  inputs  defining,  for  each 
shelter  class,  the  fraction  of  the  surviving  population  forced  out  of  shelter 
by  lack  of  water  (FW)  at  time  TW  and  the  fraction  forced  out  by  inadequate 
ventilation  (FV)  at  time  TV.  Some  simplifying  assumptions  have  been  made  in 
providing  estimates  of  these  input  parameters.  The  first  is  that  people  are 
forced  to  abandon  their  shelters  if  they  become  untenable  from  lack  of  water  or 
ventilation.  That  is,  water  cannot  be  supplied  by  part  of  the  sheltered 
population  foraging  on  behalf  of  the  rest  or  by  supply  by  civil  defense  from 
outside  the  shelters.  Nor  can  heat  stresses  be  relieved  by  partial  abandonment 
of  the  shelters  or  by  spreading  out.  The  bases  for  this  assumption  are  that 


(1)  the  water  problem  Is  really  a  container  problem  that  Is  not  readily  solved 
except  by  stocking,  (2)  radiation  levels  will  preclude  early  external  operations 
wherever  premature  exit  would  result  In  casualties,  and  (3)  shelter  space  Is  so 
limited  that  spreading  out  occupants  Is  ustially  not  practical.  A  second 
assumption  Is  that  water  In  tanks,  containers,  or  In  gravity-pressurized  water 
systems  Is  always  available  If  the  maximum  overpressure  experienced  Is  less  than 
4  psl.  On  the  other  hand,  none  of  this  water  Is  available  If  the  maximum  over¬ 
pressure  exceeds  4  psl.  This  assumption  Is  a  cookie-cutter  estimate  of  the 
consequences  of  blast  damage  to  this  resource.  A  third  assumption  Is  that 
ventilation  Is  never  a  problem  to  the  unwarned  In  residences,  people  In  home 
basements  or  people  In  aboveground  shelters  (Classes  E/F  and  G/H/I) .  The  fact 
that  about  one-quarter  of  the  spaces  In  Class  G/H/I  are  actually  In  basements 
Is  Ignored.  On  the  other  hand.  It  Is  assumed  that  ventilation  Is  always  a 
problem  In  belowground  spaces  and  upgraded  fallout  shelters  (Classes  A,  6/C,  and 
XU)  unless  ventilation  devices  are  provided.  This  Is  an  obvious  simplification 
of  a  more  complex  situation. 

A  fourth  assumption  Is  that  public  shelters  are  occupied  so  as  to 
provide  10  square  feet  of  floor  area  per  occupant.  A  fifth  assumption  Is  that 
If  ventilation  devices  are  stocked,  they  are  always  used  so  as  to  provide  a 
probability  of  not  exceeding  82°  Effective  Temperature  for  90  percent  of  annual 
days.  That  Is  to  say,  even  If  stocking  occurs,  belowground  public  shelter  would 
be  abandoned  10  percent  of  the  time  for  random  attacks.  These  two  assumptions 
tend  to  balance  each  other,  as  the  first  Is  probably  too  severe  and  the  second 
not  severe  enough. 

K.2  Estimates  of  FW 

For  Program  D  Prime,  the  fraction  of  the  population  In  each  shelter 
class  that  Is  forced  out  of  shelter  because  of  lack  of  water  was  estimated  as 
follows : 


K-3 


Risk  and  Neither  Areas  (No  Water  Stocked) 

One-half  of  the  survivors  In  each  public  shelter  class  experiencing 
less  than  4  psl  blast  overpressure  were  forced  out.  This  estimate  was  based 
on  surveys  conducted  In  the  1960s  that  Indicated  that  trapped  water  or  gravity 
water  supplies  would  be  available  to  about  one-half  the  NSS  spaces.  FW  was 
estimated  to  be  zero  for  all  survivors  experiencing  less  than  4  psl  In  the 
unwarned  category,  home  basements,  and  key  worker  shelters  (Class  Y) .  The 
fraction  of  survivors  experiencing  more  than  4  psl  were  forced  out  In  all 
shelter  classes  except  Class  Y,  which  are  strong  shelters  and  the  only  category 
assumed  to  be  stocked. 

Host  Areas  (Water  Stocked) 

Since  Program  D  Prime  includes  the  stocking  of  water  In  Host  areas, 

FW  was  estimated  to  be  zero  in  all  shelter  classes  for  that  fraction  of  the 
population  experiencing  less  than  4  psl.  All  experiencing  greater  than  4  psl 
were  forced  out  because  of  damage  to  the  water  supply.  (For  the  Current  (Capability 
calculation.  Host  areas  were  treated  as  described  for  Risk  and  Neither  areas  above.) 

K.3  Estimates  of  FV 

Only  belowground  spaces  In  Categories  A,  B/C,  XU,  and  XE  were  considered 
to  be  subject  to  the  likelihood  of  being  forced  out  because  of  Inadequate 
ventilation.  All  survivors  in  these  shelter  categories  were  forced  out  (FV  ■  1.0) 
In  Risk  and  Neither  areas.  In  Host  areas,  where  ventilation  devices  are  to  be 
provided  under  Program  D  Prime,  FV  ■  0  for  all  shelter  classes.  The  possibility 
of  damage  to  ventilation  kits  in  the  small  fraction  subjected  to  blast  was  Ignored. 

K.4  Time  Estimates 

The  time  .after  shelter  occupancy  at  which  people  are  forced  from  shelter 
because  of  lack  of  water,  ventilation,  or  both  depends  on  the  Effective 
Temperature  reached  In  the  shelter  and,  hence,  on  the  outside  air  temperature 
during  the  days  after  attack.  Assuming  that  the  attack  can  occur  at  any  time  of 
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the  year,  the  probability  distribution  of  the  exit  tines  can  be  determined  for 
any  location  from  Its  weather  history.  However,  POPDEF  aggregates  all  locations 
Into  Risk,  Host,  and  Neither  areas.  Hence,  these  probabilities  must  be  weighted 
by  the  fraction  of  the  population  In  each  climatic  zone  and  averaged  to  produce 
a  single  average  time  of  shelter-leaving  that  would  predict  radiation  casualties 
In  the  population  defense  model  In  agreement  with  a  detailed  place-by-place 
analysis.  The  procedure  used  In  determining  TW  and  TV  Is  described  In  Appendix 
C  of  the  companion  report.* 

The  requirement  (or  desired  characteristic)  that  TW  and  TV  be  selected 
so  that  the  resulting  radiation  fatalities  and  Injuries  will  approximate  those 
of  a  more  detailed  analysis  forces  a  distinction  between  the  exit  times  for  that 
fraction  of  the  population  provided  remedial  radiological  measures  after  exit 
(FWR  and  FVR)  and  those  who  are  not  so  provided.  These  different  shelter  exit 
times,  labeled  TWR,  TWN,  TVR,  and  TVN,  are  entirely  fictitious.  They  do  not  mean 
that  people  afforded  radiological  countermeasures  must  leave  shelter  earlier  than 
those  who  are  not.  TWR  and  TVR  are  earlier  than  TWN  and  TVN  In  order  to  properly 
reflect  the  casualties  among  the  remedial  group  in  early  exits  rctqulred  In  the 
South  and  Southwest  parts  of  the  country  In  the  summer  time. 

Since  ventilation  kits  are  assumed  to  be  effective  only  90  percent  of 
the  time  and  FV  Is  assumed  to  be  zero  where  kits  are  stocked,  the  effectiveness 
factor  Is  accounted  for  by  reducing  the  time  of  emergence,  TE,  In  a  way  that 
accounts  for  the  Increased  casualties.  Again,  the  estimates  are  sensitive  to 
post-exit  radiological  measures;  hence,  two  final  exit  times  are  defined,  TER 
and  TEN.  The  time,  TER,  Is  associated  with  the  fraction  afforded  remedial 
measures,  FER,  and  the  time,  TEN,  Is  associated  with  1  -  FER. 

The  resulting  exit  times  used  In  POPDEF,  In  hours  after  attack,  are: 

*Strope,  W.E.  and  Oevaney,  J.F.,  Effectiveness  of  Civil  Defense  Systems,  Center 
for  Planning  and  Research,  Inc.  (June  1979). 


TWR 

TWN 

TVR 

TVN 

TER 

TEN 


36  Hours 
45.6 
91.2 
165.6 
168 
216 


It  will  be  noted  that  the  fractions  affected  by  water  and  ventilation 
difficulties  (FW  and  FV)  and  their  exit  times  are  not  dealt  with  probabilistically 
In  MCPOPDEF  at  this  time. 
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